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KUMAR MALHOTRAfrASSOCIAiT S i:,
3COO East Bell Line N.E.
Grand Rapids, Michigan 49505
Telephone (616) 361-5092

September 10, 1985

Mr. Rodney GaitherProject CoordinatorU.S . Environmental Protection Agency
Region V230 S Dearborn StreetChicago, Il l inois 60604
Re: Johns-Manvil le Waukegan Disposal Area RI/FS
Dear Mr. Gaither:
Enclosed for your review is a copy of the report prepared for Johns-Manvil leoutlining the details of the studies of common inorganic anions in surface andground water and lead in the ambient air.
These studies were conducted as outlined in KMA's June 24, 1985 (Revised July
3, 1985) letter. These studies show that the common inorganic anionconcentrations in the ground and surface waters, in the vicinity of thedisposal area are less than the drinking water quality standards and theground water movement direction indicated by the observed inorganic anionconcentrations is generally northward and then eastward to Lake Michigan.
The observed lead concentrations in the air in the vicinity of the disposalarea are at least one order of magnitude smaller than the National Ambient AirQuality Standard of 1.5 ug/nr . Also the observed Total SuspendedParticulates (TSP) values in the air in the vicinity of the disposal area areless than the National Ambient Air Quality Standard value of 260 ug/m .
I hope this information will be of further assistance to you in your "Final RIReport" review. Please feel free to contact me if you have quest ions on anyof the information included in this technical memorandum.

Sincerely yours,

S. K. Malhotra, P h .D . , P .E .

cc: James H. Whipple , P . E .
SKM:sa
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1 .0 INTRODUCTION
f iJ The monitoring of ambient air for lead, and of surface and ground water in the
r vicinity of the disposal area for common inorganic anions, were undertaken in

response to some of the USEPA review comments on the draft RI report. A
| letter dated July 3, 1985 to Mr. Rodney Gaither of USEPA included responses

to draft RI report review comments and an outline of the inorganic anion and
} lead evaluations. A copy of this letter outl in ing the scope of these
T evaluations is presented in Appendix M-2-A and the details of these

evaluations along with a summary of the results are presented in this

I technical memorandum.



f 2.0 EVALUATION OF COMMON INORGANIC ANIONS IN SURFACE AND GROUNDWATER
This section presents details of common inorganic anion evaluations .

I 2.1 Objective:
The following are objectives of this study:

* . To obtain more data on the inorganic anions to judge the
f drinking water quality of the surface and ground water in the

vicinity of the disposal area.
1 . To obtain additional information on the groundwater movement in

the vicinity of the disposal area to supplement information
* presented in the RI report which was obtained through the use
I of ground water temperature and elevation data.

2.2 Surface and Ground Water Sampling and Analysis:
I Groundwater samples were collected from the existing five monitoring

wells constructed for the remedial investigations. In addition,
' surface water samples were collected from Lake Michigan and the
f industrial canal which receives the bulk of the recycle water from

the process water settling basins located on the disposal area. The
I ground water monitoring wells and surface water sampling locations
. . . . are shown in figure M-2-1. These were as follows:
t . Monitoring wells # 1 thru 5 (samples 1 thru 5)
I . Lake Michigan, using Waukegan city water intake (City Raw Tap
iv.V

or Waukegan Plant intake)
Industrial Canal * near the head end of the canal (Industrial
Canal)
Lake Michigan Shore, east of MW #4 (east of well #4 or N-Lake)
Lake Michigan shore, east of monitoring wells #2 (East of well
n or C-Lake)
Lake Michigan shore, north of Commonwealth Edison discharge
(North of Commonwealth Edison discharge or S-Lake)
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analysis during second set of sampling only.
| Two sets of samples were used. One set was the duplicate samples
f collected on April 29 and April 30, 1985. These samples were stored
'' at room temperature until their analysis in the last week of June,
t 1985. A second set of samples was collected on July 31, 1985.

These were preserved and delivered for common inorganic anion
| analysis. All samples were analyzed by Prein & Newhof Laboratory,
. Grand Rapids, Michigan using the USEPA approved procedures.
' Only monitoring well water elevation data was obtained during the
| first set of sampling. However, during the second set of sampling

the following field data was collected:
I . Monitoring well water elevation
. . Field pH, specific conductance and temperature of surface and
* monitoring well samples.
I The field data for the two sets of sampling is summarized in Table

M-2-1.
I All water samples collected were analyzed for pH, specific
* conductance, chlorides, sulfates, nitrate-nitrogen, total-
* '•" alkalinity, bicarbonate-alkalinity and carbonate-alkalinity. The
{ results obtained are presented in Tables M-2-2 and M-2-3 and

Appendix M-2-B.m( 2.3 Estimated Directions of Ground Water Movement Using Inorganic
, Anion and Field Temperature Data
I ' . _-^-_--._--. , _.. .. -' ——-r r _—— «--- _ -._.________._.

^ Data for specific conductance, and biocarbonate alkalinity was
i selected as representative of common inorganic anions for obtaining

ground water iso-concentration lines (contours). Since field
( specific conductance and laboratory conductance values are

consistent with each other, laboratory specific conductance data was



TABLE M-2-1 SUMMARY OF FIELD MEASUREMENTS OF GROUND AND SURFACE WATERS
(JOHNS-MANVILLE DISPOSAL AREA - APRIL 29 & 30, 1985 AND JULY 31, 1985)

Static Water Elevation (JULY, 1985)
Sample (Ft above mean sea level

Locat ion (Apr i l , 1985)
M wel l #1 585. 1 1

#2 583.21
#3 583.31
#4 583.48
#5 583.49

City Raw Tap
Industr ial Canal
C-Lake (East of M-W #2)
N-Lake (East of M-W #4)
S-Lake (SE of M-W #2)

Static Water Elevation Specific Conductance(Ft above mean sea level) pH umhos/cm
584.72
584.1 1
584.30
583.69
583 .56
—
—
—
—
..

7.30
7.20
7 . 10
7 .40
6 .82
7.07
7 .75
7 .20
7 .80

8 .29

972
880
612
585
810
241
525
260
253

250

TemperatureoC
17 .8
15 .7
16 .0
14 .6
15 .9
15 .7
22. 1
19 .8
20.3

19 .5



TABLE M-2-2 COMMON INORGANIC ANIONS IN GROUND AND SURFACE WATERS
(JOHNS-MANVILLE SAMPLES COLLECTED 4/29 & 30, 1985

AND RECEIVED FOR ANALYSIS ON 6/24/1985)
SpecificSample ConductanceLocation umhos/cm

1.
2.
3.
4.
4A
5.

Water Plant
Intake
East of Wel l #2
Lake Shore,
East of We l l #4,

1 ,330
1 ,030

700
640
610
950

290

300
303

Chloridemq/L
116

95
75
75
69

147

11

11
12

Sulfatemq/L
113

2
39
37
38
25

21

22
23

Nitratemg/L as N
2 .26
0.78
0.87
0 .77
0.47
3.89

0.59

0.16
0.39

Total Alka-l inity,mg/Las Ca 003
591
470
233
197
166
327

134

112
139

Bicarbonate,mq/L as HCO3-
555
297
142
120
101
199

82

68
85

Carbonate.mg/L as C03=
0
0
0
0
0
0

0

0
0

50' N of Commonwealth
Edison Discharge 293 11 23 0.36 134 82



TABLE M-2-3 COMMON INORGANIC ANIONS IN GROUND AND SURFACE WATERS
(JOHNS-MANVILLE SAMPLES RECEIVED 7/31/85)

Sample
Locat ion
1.
2.
3.
4.
5.

City Raw Tap
Ind. -Canal
C. Lake
N. Lake
S. Lake

Specif ic
Conductanceumhos/cm

1 ,350
1 ,210

825
825

1 , 140
363
725
360
360
350

pH
7.3
7. 1
7 .2
7 .5
6 .8
7 .7
8.2
7 .9
7.9
7 .7

Chloride
mq/L

98
82
74
76
98
18
66

9
9
9

Sulfatemq/L
15

2
30
31

6
24

146
24
26
24

Nitratemg/L as N
0.65
0.01
0. 17
0.01
0.01
0. 12
0.01
0. 13
0.09
0.11

Total Alka-l inity,mg/Las Ca C03

555
587
239
194
361
117
113
113
113
113

Bicarbonate.mq/L as HCO3-
339
297
146
118
220
71
69
69
69
69

Carbonate.mq/L as Or
0
0
0
0
0
0
0
0
0
0

NOTE: Samples 1 thru 5 represent Monitoring Wells # 1 thru 5 respectively.C - Central Shore Line, East of Monitoring Well #2N - Northern Shore Line, East of Monitor ing Wel l #4S - Southern Shore Line, Southeast of Monitor ing Well #2 or North of Commonwealth Edison Discharge



r
selected for preparing ground water iso-concentration contours.

I Since April, 1985 sample analysis data and July, 1985 analysis data
r on common inorganic anions are consistent with each other, data from

the most recent sampling (July, 1985) was selected for iso-
J concentration maps presented in Figures M-2-2 and M-2-3. In

addition, field temperature data was used to prepare map of iso-
* • thermal lines (contours) presented in Figure M-2-4. These maps show
I that the ground water is moving generally northward and then

eastward to Lake Michigan
2-4 Discussion of Results

The data from the two sets of samples show good consistency among
' the values for different inorganic anions and show that the ground
f and surface waters in the vicinity of the disposal area meet the

drinking water quality standards. In addition, the observed
{ concentrations of chlorides, nitrate-nitrogen and total-alkalinity

in the ground water are in the same range as observed in a well
I sample on April 20, 1973 by Illinois State Water Survey.
| This well was located Southwest of Commonwealth Edison power plant

property and a copy of the analysis of water sample from this well
I is enclosed in Appendix M-2-B. This comparison further shows that

the disposal area is not having any adverse impact on the common
t inorganic anion quality of the ground water.
I The ground water movement indicated by the iso-concentration contour

maps of common inorganic anions and iso-thermal contour map of field
f ground water temperatures is generally northward and then eastward

to Lake Michigan. These findings thus confirm the general ground
water movement pattern presented in the RI report obtained from the
use of ground water elevation and temperature data.
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' 3. AMBIENT AIR QUALITY MONITORING
j This section presents details of ambient air quality monitoring for lead and

total suspended participates (TSP) in the vicinity of the disposal area.
I 3.1 Objectives:
, The following are objectives of this study:

To obtain lead levels in the ambient air in the vicinity
( of the disposal area to assess whether lead is released

from the disposal area to the atmosphere and whether any
I potential risk to human health and environment exists due
i to exposure through air.

To ascertain if the TSP levels in the vicinity of the
| disposal area are within the National Ambient Air Quality

Standards (NAAQS)
{ 3.2 Air Sampling and Analysis
i - Air sampling and analysis was conducted by Clayton

Environmental Consultants Inc. of Southfield, Michigan. A
| report containing the details of sampling and analysis

procedures, observed results of on-site and off-site air
I samples and quality assurance analysis was prepared in August,
t 1985. An executive summary of this study and discussion of the
F results with respect to study objectives are presented in this
( section. The detailed report is presented in the fol lowing

section. (Section 4 .0 ) .
( • : •[•" 3 .2 . 1 Executive Summary
: Air was monitored at seven on-site and three off-site locations

on three different days during the first week of August,
j 1985. Each test run was generally for a period of 24 jf 1 hours

1 O



using high volume samplers and standard 8" x 10" filters.
I During some test runs some of the locations were sampled for

less than 24-hour periods due to unanticipated
equipment/mechanical failures. A test run was repeated if
there was a precipitation of 0. 10 inches or greater during the
24-hour test run. Since leaded gasoline was used in the

I portable generators used to operate air samplers,one of the
off-site locations was chosen in a secluded wooded area located

i on the northwest corner of Johns-Manvil le property. This
I sampler was intended to serve as "Control" to account for the

lead contribution, if any, to the samples from locations where
J leaded gasoline generators were used.

The filters were analysed for total suspended particulates
l (TSP) and lead, using USEPA recommended procedures. Field and
j laboratory blank filters as well as spike recovery analysis

were included for quality control.
I The observed values for lead were generally very low and

therefore observed values from samplers operated by leaded
' gasoline generators were not adjusted based on the "Control"
j , sampler values.

^All on-site observed values were less than 0.08 ug/m . The
I highest observed value of 0.107 ug/m of lead was at an off-

site location. This value is one order of magnitude smaller
' • than the National Ambient Air Qual ity Standard (NAAQS) of 1.5
I ug/m3 .

The observed TSP values ranged between 7.2 ug/m3 and 104.0i _
1 ug/m3. The highest value was observed at Location #1.

-13-



f
( All TSP values were less than 24-hour maximum values of 260

ug/m3 (Primary NAAQS), and 150 ug/m3 (Secondary NAAQS). All
( TSP values, except at monitoring location number 1, were below

i the NAAQS Annual Geometric Mean Standard of 75 ug/m3 (Primary)
and 60 ug/m3 (Secondary). Air sampler at location number 1 was

| ' about 12 feet from the unpaved road and is likely showing
effects of road dust.

j 3 .2 .2 Discussion of Results and Risk Assessment
. Lead: Divis ion of air pollution control, Illinois
J' Environmental Protection Agency ( IEPA) was contacted to obtain
I background data. The most recent available data on lead in

ambient air in Waukegan and it vicinity was collected in
I •*[ 1980. These values varied between 0.13 and 0.35 ug/nr and are
. presented in Appendix M-2-C. Although no data was collected on

lead in Lake County in 1984, extensive amount of lead data was
| collected from the adjoining Cook County. This data is

presented in Appendix M-2-C. The annual mean lead values in
Cook County varied between 0.12 ug/m3 to 0.52 ug/m3 and the
majority of the observed lead values were between 0.20 to 0.30
ug/m3.
All of the observed lead values in on-site samples from Johns-
Manvil le disposal area were less than 0.08 ug/m3. These are
significantly lower than those observed by Div i s ion of Air
Pol lu lt ion Control, Il l inois EPA in the residential and
commercial areas of Lake and Cook Counties. Therefore the
Johns-Manvi l le disposal area does not appear to be releasing
lead to the atmosphere and hence does not pose a threat to the
human health or environment in the vicinity of

-U-



the disposal area.
I TSP:

The observed TSP values from the two monitoring stations in the
I Waukegan area, obtained during 1984 by Divison of Air Pollut ion
r Control, IEPA are presented in Appendix M-2-C. The highest

observed TSP values for these monitoring stations were 123 and
* 118 ug/m^ respectively. The highest observed TSP value on

Johns-Manvi l le disposal area was at Station #1 and was 103
I ug/m . This is less than 24-hour maximum value of 150 ug/m
I (Secondary NAAQS) and those observed during 1984 by IEPA in the

residential and commercial areas of Waukegan. Thus the Johns-
• wI Manville disposal area does not exhibit any adverse impact on

human health or environment from air borne suspended
I particulates.
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25711 Southfield Road, Southfield, Michigan 48075, Telephone (313) 424-8860

August 26, 1985

Dr. S.K. Malhotra
KUMAR MALHOTRA &• ASSOCIATES
3000 East Belt Line, N.E.
Grand Rapids, MI 49505
Dear Dr. Malhotra:

Clayton Job No. 27735- 13

We are pleased to present two copies of our report titled, "Ambient Air
Quality Monitoring at Johns-Manville Company, Waukegan, Illinois."
It has been a pleasure working with you on this project. If you have anyquestions, please call.
Sincerely,

Frederick I. CooperAssistant Vice President
Manager, Air Quality Services
FIC/cas
Enclosures

Branch Off i c e s : At l a n t a . Gi-' jr i jM • Edison, New Jersey • Los Anyeles, Cal i forn ia • Windsor. Ontar io
A M.irsh & Me I ennan Company
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257 1 1 Southfield Road, Southfield, Michigan 48075, Telephone (313) 424-8860

U) INTRODUCTION
Kumar Malhotra & Associates, Inc. retained Clayton Environmental
Consultants, Inc. to conduct an ambient air quality survey for the
Johns-Ma nville Company at its Waukegan, Illinois location. The
purpose of this study was to determine the concentrations of lead
and total suspended particulate (TSP) at seven locations in the
dump site and two off-site locations. See Figures 1 and 2.
Generators were used at five of the sites to provide power for the
Hi-Vol samples. In order to account for the effect of lead produced
from the gasoline in the generators, Site 10 was established at a
remote corner of the dump site.
Mr. Ravi Vangipuram, Mr. Wesley F. Priem and Mr. John Zvetan of
Clayton conducted the study on July 29 through August 7, 1985.

2.0 PRESENTATION OF RESULTS
Results of the analysis of TSP and lead are presented in Tables 1 and
2, respectively. The concentrations are expressed in microgramsper cubic meter.

3.0 SAMPLING AND ANALYTICAL PROCEDURES
3.1 TOTAL SUSPENDED PARTICULATES

TSP was collected on an 8" x 10" IPM 2000 spectograde filter using a
high volume sampler. The Hi-Vol sampler draws air at a flow rate
of approximately 50 cubic feet per minute. The Hi-Vol samplers
were calibrated and operated in accordance with the procedures
outlined in the Environmental Protection Agency Regulating on
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National Primary and Secondary Ambient Air Quality Standards,
Appendix B. Each filter was tared prior to sampling and was
weighed after sampling for 2 4 + 1 hour. Calculations were
performed in accordance with the ERA regulations. See Appendices
A and B.

3.2 LEAD
Ambient air lead concentrations were determined from analysis of a
section of the 8" x 10" filter. Procedures followed those outlined in
the EPA regulations on National Primary and Secondary Ambient
Air Quality standards, Appendix G. This method involves extraction
of lead from the filter with nitric acid and analysis of the extract
using atomic absorption spectrophotometry (AAS).

3.3 METEOROLOGICAL DATA
Wind speed, wind direction, ambient temperature and barometric
pressure data were noted at each site at least three times during
each sampling run, using a portable anemometer wind vane and
barometer. However, there were no significant changes in the data
between sites. The meteorological data is presented in Appendix C.
If there was a precipitation of 0.1 inches or greater during any test
run, that test run was repeated after 24 hours.

4.0 RELEVANT AIR QUALITY STANDARDS
The EPA regulations on National Primary and Secondary Ambient
Air Quality Standards set the following maximum limits on TSP andLead.
Total Suspended Particulates

24-hour maximum
(not to exceed once
___ a year) ____

Primary Standard 260 ug/m^
Secondary Standard 150 ug/m^

Annual
geometric

mean
75
60

Lead

Primary Standard
Secondary Standard

24-hour maximum
3-month
average
1.5 ug/m-*
1 . 5 u / m 3

-2 -
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The results of our tests show that the TSP and lead concentrations
are well below the EPA standards at all the sampling locations.

5.0 CONCLUSION
(1) The concentration of TSP was greater than 60 ug/m-* during two

of the three days of testing at Site 1. This is possibly because
of its proximity to the road situated about 12 feet from the
sampler. The concentration of TSP at most of the other sites
were well below 60 ug/m*'.

(2) Generators were placed south of the samplers at the five
sampling locations. Since southerly winds were very infrequent
the contribution of lead from generators was negligible.

(3) The concentration of lead at all the nine sampling locations
were much lower than the 1.5 ug/m^ standard.

(4) No corrections were made for lead concentrations due to the
contribution from the generators. All the lead concentrations
were much lower than 1.5 ug/m . The concentrations at sites
with generator-driven samplers were not generally greater than
concentrations at sites without generators.

This report submitted by: V A/-
Ravmdran N. Vangipuram
Projejct Leader

This report approved by:
Frederick I. Cooper /
Assistant Vice President
Manager, Air Quality Services
August 26, 1985
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6.0 ADDITIONAL COMMENTS
Sampler Locations: All samplers were located as proposed in the letter
dated June 24, 1985 (revised July 3, 1985) except the two stations which
were proposed on the beach. These two stations were moved west of the
proposed beach locations to avoid potential vandalism/tampering of
sampling equipment by public. In addition, one station was added on the
Northeast corner of the Northwest 40 acre wooded area of the Johns-
Manvi l le property. As discussed earlier this station was added to serve
as "Control" sampling station to account for potential lead contribution
from the leaded gasoline gererators used at some of the sampling
locations.
Sampling and Analysis Procedures
As discussed earlier USEPA prescribed procedures for Ambient Air Quality
Monitoring were used. A copy of these for TSP and lead are enclosed in
Appendix D.
Sampling Periods and Meteorological Conditions
Three test runs, each for a period of 24 _+ hours were conducted as
discussed earlier. The data on temperature, barometric pressure, wind
speed and wind direction taken during each test run on each sampling
station is presented in field data sheets included in Appendix A. A
summary of the average meteorological data for the 10 stations during
each of the three test runs is presented in Appendix C. No rainfall data
is included with the meteorological data as it was not available from the
National Climat ic Data Center, Ashvi l le , North Carol ina . Precipitation
data for Waukegan area obtained from National Climat ic Data Center by
telephone (Sam McOwen (704) 259-0682) for each test run is presented
below:

-4-



Ir Test Run #1
I Duration: 8:00 A.M. August 1, 85 to 8:00 A.M. August 2, 85

(Thursday) (Friday)
' Precipitation data: Recorded precipitation during this period was 0
f inches.

Test Run #2
I Duration: 8:00 A.M. August 2, 85 to 8 :00 A.M. August 3,85

(Friday) (Saturday)
' Precipitation data: Recorded precipitation during this period was 0
J ^ inches.

Test Run #3
J Duration: 8:00 A.M. August 5, 85 to 8:00 A.M. August 6, 85
. (Monday) (Tuesday)
' Precipitation data: Recorded precipitation from 6:00 A.M. August 5,
I 85 to 6:00 A.M. August 6, 85 by National Climatic Data Center is

0.20 inches. However, no rainfall of any significance was observed
| in the air sampling area during this sampling period or in the
:.:,.:

s-'' vicinity of the Johns-Manville disposal area. This discrepancy in
the precipitation data is more likely due to the localized

; precipitation around the National Climatic Data Center's
precipitation recording station. WKRS Radio Station is the official

; precipitat ion recording station for National Cl imat ic Data Center
and WKRS and Johns-Manvil le disposal area are located on the
Westerly and Easterly edges of Waukegan City respectively.

; In general, the month of July, 1985 was relatively drier than the
average July month in the Waukegan area.



f
f Quality Control Area

The laboratory detection limit for lead per filter was 0.02 mg and the
I accuracy of lead measurement from the filter was +_ 10%.
i One field blank filter was analyzed for each test run and the lead and

TSP values obtaind are as follows:

Test Run Period
Lead (mg)
TSP (mg)

August 1-2
0.02

-0.5

August 2-3
.02

-0.8

August 5-6
.02

-1.0

In addition four filters were spiked by 0.20 mg of lead. The percent
recovery data for these is as follows:

Sample Percent Recovery Average Recovery
1 48
2 62
3 64 56%
4 50

Full filter was used for each lead analysis and the average recovery of
56% was used to calculate the actual lead on the filter.
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TSP Concentrations (ug/m3)
Johns-Manville Company

I Waukegan, Illinois

Ir

TABLE 1

Site
Number

1 *
2 *
3 *
4 *
5 *
6
7
8
9
10 *

August 1-2, 1985
55.7
11 .4
8.0
7.2

12.5
11 . 1
30.8
16.6
12.7

9.7

Sampling Date
August 2-3, 1985

104.0
23.6
15.6
12.5
26.00
32.8
64.0
23.4
36.9
19.6

August 5-(
65.4
40.0
28.8
21 . 1
37.3
35.8
32.3
27.7
23.4
30.8

indicates samplers with generators

-9-
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TABLE 2

Lead Concentrations (ug/m^)
Johns-Manville Company

Waukegan, Illinois

Site
Number

1 *
2 *
3 *
4 *
5 *
6
7
8
9
10 *

August 1-2, 1985

0.0123
0.0062
0.0060
0.0060
0.0090
0.0060
0.0140
0.0530
0.0130
0 .0 1 10

Sampling Date
August 2-3, 1985

0.0497
0.0556
0.0426
0.0371
0.0206
0.0400
0.0778
0.1070
0.0449
0.0298

August 5-6, 1985

0.0229
0.0361
0.0203
0.0226
0.0434
0.0212
0.0090
0.0450
0.0100
0 .0 1 1 5

*Indicates samplers with generators
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APPENDIX A
HI-VOL SAMPLER FIELD DATA SHEETS



rr HI-VOL DATA RECORD
(Cont i nued )

Net Partlculate Wgt ,
Air Volume
Farclcu laCe Concen t ra t i on
Total Sampling Time

gram*

V
ng/m3

HI -VOL DATA EECOR3

Clayton Environmental Consu l t an t s , Inc.
2 J 7 1 1 Sou t h f t e l d Road

S o u t h fC e l d , Mich igan 4 8 0 7 5

S T A T I O N LOCAT ION
CITY 4 STATE
SITE ADDRESS

PROJECT
INSTRUMENT LAST CALIBRATED
MOTOR IDENTIF ICATION NO.

hours minute s

ROTAMETER IDENT IF ICAT ION NO.
FILTER NUMBER ~'> t> ̂  7 22- *
START SAMPLING fi$ I

mo day yr hr Din
STOP SAMPLING OR 5. SS" *» S I

REMARKS: oo day yr
ELAPSED TIME METER READING

hr oln CFM

Init ial F t n a

? HUMIDITY:

TEMPERATURE • V :

4 1 - 6 0 ,

d r y .
humid

<20,
6 1 - 8 0 ,

aod^ r a t e

20-40 ,
> 80

;/ • * -

DC
67

L/

w
"̂T - Facep l a t e must be hand t ight

- F loura t e oust be + IOZ of e s t a b l i s h e d
Clourate

_-^ - Fa c e p l a t e ga s k e t must be In good
"f< g| c ond i t i o nJ*~~ - Rotameter oust be free of fore ign

mater i a l
- Ro tame t e r op e r a t i o n oust ke s t a b l e

^S^> i^ - Sampler motor brushes auat be changed
•very 400 hra of opera t i ony~ ^ \ -^* ^ Sample va s co l l ec ted I n ac cordance

with the above gu ide l i n e s

Signa tu r e
REMARKS : ~]«*-J 1 --''.>-<,(.'. ̂ '4* . , .

V



KI-VOL DATA RECORD

HI-VOL DATA RECORD
(Continued)

Met Partlculace Wgt.
Air Volume
Parclculate Concentrat ion
Total Sampling Time

gram*
m3

ng/m3

hours minutes

REMARKS:

t ft&<i

/- 4:? ?i

?2.

Claycoo Environmental Con su l t a n t ] , Inc.
Z 5 7 U Southf ta l d Road

Sou t h f f e l d , Mich i gan 48075

STATION LOCATION ~f
CITY & STATE ____J
SITE ADDRESS
PROJECT SITE NO. 2_,
INSTRUMENT LAST CALIBRATED
MOTOR IDENTIF ICATION SO.
ROTAMETER IDESTIFICATIOM NO.
FILTER NUMBER rT/ £ c 7 / J-
START

STOP

SAMPLING

SAMPLING

&
too
<?
mo

ELAPSED TIME METER

/
Jay
Z-
day

Sf-yc
î—
yr

9hr
§
hr

21atn
35
aln

" ~1
C.r>f

1
Cr f

READ ING -/ l/' ' <^-; ) 47ftf2
In it ia l

- Facep la te mu s t be hand c lghc
- FlowraCe must be + 10% of e s tab l i s h ed

flovrat* ~
- Facep l a t e ga s k e t muse be tn goad

cond i t ion
- Ro taa e t e r aust be free of fore ignmat e r i a l
- Rotamecer operat ion oust k« s tab l e
- Sampler motor brushes muat be changed

every 400 hj-a-of operat ion
Sample va s /o l l e c t ed tn i c c o r d a n

with ,che above gu ide l ines

S igna cur *

REMARKS: ^Vv-:, > .^r



r
HI -VOL DATA RECORD

(Con t i nu ed )

Net Part l cu l a t e Wgt .
Air Volume

gram*
3

Pardculate Concen t ra t i on
Total Sampl ing Time

hours minute s

REMARKS ;

?

J

H I -VOL DATA RECORD

Claytoo Environmental Cona u l c a n t a , Inc.
2 5 7 1 1 S o u t h f i e L d Raid

Sou t h f f e l d . Mich i gan 4 8 0 7 5

STATION LOCATION ~
CITY 4. STATE __.
SITE ADDRESS
PROJECT nfi-L h g SITE
INSTRUMENT LAST CALIBRATED

MOTOR IDENT IF ICAT ION NO.
ROTAMETER IDENT I F ICAT ION NO.
FILTER NUMBER £jj"/ £ C 92. )
START SAMPL ING C I &S

o o d a y y r
STOP SAMPLING ° 2-

hr

no day yr
ELAPSED TIME METER READING

W I N D :

hr CFM

HUMIDITY:

TEMPERATURE ' f:

_ _ _ _ _41-60, 6 1 - 8 0 ,
- Fa c e p l a t e mus t be hand t igh t
- F lovrate oust be + 101 of e s t a b l i s h e d

f lovrate
- Fa c e p l a t e g a s k e t mus t be In good

cond l t ton
- Ro t am e t e r mus t be f r ee of f o r e i g n

mate r i a l
- Rotaoe te r o p e r a t i o n oust Ve s t a b l e
- Sampler motor b ru sh e s muat be c h a ng e d

every 400 hrs of operat ion
Sample va» ' co^ l«cted in a c c o r j s

ulcti the above gu i d e l i n e s
'

Sig na t u r e

REMARKS:



H I -VOL DATA RECORD

HI-VOL DATA RECORD
(Cont i nued )

Nee Part l cu late Wgt .
Air Volume _____
Part lcu late Concentrat ion
Total Sampling Time

grama
»3

Hg/B3

hours minutes

REMARKS ;

~r

Cley ton e n v i r o nme n t a l Co n s u l t a n t s , I . T C J
2 5 7 1 1 Southf l e l d Road ]

Southffe ld , Mich igan 4 8 0 7 5 '

STAT ION LOCAT ION
CITY & STATE
SITE ADDRESS
PROJECT

f
(J S ITE SO. ^f

INSTRUMENT LAST CALIBRATED __
MOTOR IDENT IF ICAT ION NO. . j
ROTAMETER IDENTIFICATION NO.
FILTER NUMBER ff/ £ & C/2C <J
START SAMPL ING C" gr

oo day y r hr
STOP SAMPL ING 9" 2- S-> *7

al n

• 0 day yr
ELAPSED TIME METER READING

hr mln
' ;* C
In it ia l

WIND : ca la.
VISIBILITY:
SKY: _ c lear .

c lear.
sea t s* r ir , j

HUMIDITY:
ove r c a s t
___dry,

h

ci J J e r a c *

TEMPERATURE ' f :
__ _ _ _41-60,

id
<20.
6 1 - 8 0 ,

_20-40,
_ _ _ >30

- Facep la te must be hand eight
' Flourate must be * lOt of es tab l i s hed

f lovra te
- Fa c ep l a t e gaske t must be In good

condIt Ion
- Rotaoeter must be free of fore ign

mat e r i a l
' Rotaoe t e r o p e r a t i o n must be s t a b l e
- Samp ler motor bru she s mus t be change .

every 400 hri of operation
Samp l e waX'cjb 1 lee ted In a c c o r i a -

viyC ttre above guld«llr.es S«
'< i\^

Signature

REMARKS:



f
HI-VOL DATA RECORD

(Con t i nu ed )

Net Part lcu late Wgt .
Air Volume
Fart lcu late Concen t ra t i on
Total Sampl ing Time _____

grama

V
ng/m3

hours m inu te s

REMARKS:

' • >—, _• ; > • . > 9

£<r tf1

H I -VOL DATA RECORD

C l a yC o n Env t r o n o e n c a l Co n s u l t a n t * , Inc .
2 S 7 1 1 Sou th f l a l d Road

S o u t h f f e l d , Mi c h i g a n 4 8 0 7 3

STAT ION L O C A T I O N
CITY & STATE
SITE ADDRESS
PROJECT S ITE NO.

INSTRUMENT LAST CAL IBRATED
MOTOR I DENT I F ICAT ION NO.
ROTAMETER I D E N T I F I C A T I O N NO .
F ILTER NUMBER fj / ̂ 6 ̂

START SAMPL I NGNC g" / 9
no day

STOP S A M P L I N G 6" 2-_<

yr hr oln

H4-
C F M

_______
oo day yr ht iKn CfM

~ ->— o '*vELAPSEO TIME METER READING •"? ->J_____5- /)
In i t ia l

h t . ___
VIS IB IL ITY:
S K Y : c l e a r .

c l ear ,

F i n a l
* u s ty
ha cy

Hl 'MIDITY:
_ o v e c c a j £
___dry.

hun id

6 1 - 8 0 .
2 0 - 4 0 ,
_ _ >ao

- F a c e p l a t e nu s t be hand e ight
- F lovra t e mus t be + IOZ of e s tab l i s h ed

f l ow r a t e
- F a c e p l a t e g a s k e t oust be In good

cond l t ton
- Ro t a a e t e r aus t be f r e e of f o r e i g n

oa t e r l a l
- Ro t a a e t e r o p e r a t i o n ou s t be s t a b l e
- Sanp ler moto r b r u s h e s mu i t be c hang ed

every 400 hrs of operat ion
Saop l e i*as ci l lec ted In a c c o r d a n c e

wi th the above gu i d e l i n e *

S l g n a c u r a



HI-VOL DATA RECORD
(Cont i nued )

Net Partlculate tfgt.
Air Volume
Part l cu la te Concen t r a t i o n
Total Sampl ing Time

grams

ig/m3

hours mlnuces

REMARKS:

9/20

f.'.v

HI-VOL DATA 1ECORD

Clay c o n Env t ronoen ta I Co n s u l t a n t s , Inc.
2 5 7 1 1 Sou t h f l a l d Stoad

Southffe ld , Michigan ^8075

STAT ION LOCAT ION-
CITY & STATE

1SITE A D D R E S S fv
PROJECT l~1aJuh-e>
INSTRUMENT LAST CAL IBRATED
MOTOR IDENTIF ICATION NO.
ROTAHETER IDENTIF ICATION NO.
FILTER NUMBER " /^ ̂ 9.2 3
START SAMPL ING^ f 5?S ' '? ?

BO 3ay yr
STOP SAMPL ING O 2-

hr atn CrM

mo day yr hr tain
ELAPSED TIME METER READING 5*? i'j V

' Fa c e p l a t e oust be hand Ctghc
- F louraee nujt be + 101 of e s t a b l i s h e d

f l ov ra c e
- Facep la te gasket nust be In goodc o n d t t I o n
- Ro t a a e t e r oust be f r e e of f o r e i g n

ma t e r i a l
- Rotaaeter operat ion oust he s tab l e
- Samp l e r motor b ru she s auic be change '

every 400 hra of opera t i on
Samp l e »e > e^lle^ted In a c c o r d j n c

with the ab'ove gu ide l i n e s

Signacur *

REXARKS: • - r



r
i

HI-VOL DA.TA RECORD
(ConClnuad)

Net Par t l c u l aCe Wgt .
Air Volume __ _

grams

Part l cu late Concen t r a t i o n
Tota l Sampl ing Time

hours minutes

REMARKS:

T
3-y-

3 .4 '

~ ~

HI -VOL DATA RECORD

Cl a yCo n Env t r o n n e n t a 1 Co n s u l t a n t s , Inc .
2 5 7 1 1 Sou t h f l e l d Road

Sou t h f f e l d , M i c h i g a n 4 8 0 7 5

S T A T I O N LOCATION—r- /)
CITY & STATE -J C^Vv^C
SITE A D D R E S S
PROJECT SITE NO.
INSTRUMENT LAST CALIBRATED _____
MOTOR I D E N T I F I C A T I O N NO. > 7
ROTAMETER IDENT I F ICAT ION NO.
F ILTER NUMBER ^ / £ 4 ̂  / (. 4
START SAMPLING & t -?

hrBO day yr
STOP SAMPLING @ £L <g$ 9

mo day yr hr

a I n

Jtn CFM

ELAPSED TIME METER READ ING
l nit ill F 1 r. a I

W I N D : c a l m .
V I S I B I L I TY :
SKY :

_c I • a r , hazy
_c le«r.
ove feast

HUMID ITY :

TEMPERATURE • f :
4 1 - 6 0 ,

h ua t d

< 20 ,
S I - 8 0 ,

2 0 - 4 0 ,
> 80

- Fa c e p l a t e ausc be hand e i gh t
- F lou ra t e must be * 107. of e s t a b l i s h e d

f lovr a te
- Fa c e p l a t e ga s k e t oust be In food

cond i t i on
' Ro t a n e t e r iau>t be f r e e of f s r e t g - i

mater ia l
- Ro t a o e t e r ope ra t i o n aust be s t a b l e
- Samp l e r mo to r b ru s h e s oust be changed

every 400 hr a ^B-Tpe ra t ton
Samp l e was col lected In a c c o r d a n c e

with the above gu i d e l i n e sv ^C—
S i g n a t u r e

REMARKS :



HI-VOL DATA RECORD
(Conclnuad)

Net Panicu late Wgt .
Air Volume

graas

Parc icu late Concentrat ion
Tota l Sampl ing Time hours minutes

REMARKS:

r '
y

fi

H I -VOL DATA RECORD

C l a y c o n Env i ronmen ta l Conau l c c n c i , Inc.
2 5 7 1 1 Souchf lv ld Road

d , Mich igan 4 8 0 7 5

STATION LOCATION
CITY 4 STATE

SITE A D D R E S S
PROJECT SITE NO.
INSTRUMENT LAST CALIBRATED
MOTOR IDENT I F ICAT ION NO. 3.0
ROTAMETER IDENT IF ICAT ION NO.

^ I C (-. 9 / yFILTER NUMBER
START SAMPL INGNG^ §3

mo day yr
STOP SAMPL ING S ^

hr otn

•o day yr hr
ELAPSED TIME METER READING '".1 (; I

«IXD:

tn

V I S I B I L I T Y :
SKY:

ca l

c lear , s c a t t e r i n g

HUMID ITY :
overcast
___dry.

hum id
moc £ra c e

TEMPERATL'RE '

_ _ _ _ _41-60,
<20,
6 1 -80 ,

- F i c cp l a t * mu s t be hand C l g hC
- F l ov r a c e mu iC be + 107. of e s t a b l i s h e d

C l o u r aCe
- Fa c e p l a t e g a s k e t must be In goodcond i t ion
- Ro t ame c e r oust be free of :orel;n

mater ia l
- Rotao«c«r opera t i on DUIC be s t a b l e
- Samp l e r nocor b ru s h e s mua t be changed

every 400 hra
Sample vas collacted In a c co rdan c e

with the »*>ove gu ide l ines

Signature

REMARKS:



r
HI-VOL DATA RECORD

(Cont i nued )

Net P«rttcul«te Wgt .
Air Volume

grarai

Pactlculate Concen t ra t i on
Total Sampling Tlma _____

hours minutes

REMARKS:

P

H I -VOL DATA RECORD

Clayton Envtronneotal Coniu l taat i , lac.
2 3 7 1 1 Soucht l« ld Road

Southf t e l d . Mich igan 4 8 0 7 5

STATION LOCATION
CITY & STATE
SITE A D D R E S S
PROJECT A"' s »E
INSTRUMENT LAST CALIBRATED

MOTOR IDENTIFICATION NO.
ROTAMETER IDENTIFICATION XO.
FILTER NUMBER -^ I £ ~ C] / f

START SAMPL ING

STOP SAMPL ING

C
no d»y yr
^" =^v &S

hr en In C F M

no day yr hr tain
ELAPSED TIME METER RSADISC Ct • ' it

C F M

I n lCl l l

WIND : c3 Lm ,
VISIBIL ITY:
SKY: c l ea r ,

c letr ,

Fla i l

hazv
t t e r t n

HUMID ITY :
overc«xc

d r y ,

huaid
node r a t e

TEMPERATURE ' V :
_ _ _ _ _ _41-60, __

< ZO .
6 1 - 8 0 ,

_20- iO ,
_ _ >ao

- Facep late must be hand e ight
- F lov r ra c e must be + 10^ of e » c a b l l > h e d

Clovra t«
- Fa c e p l a t e g a s k e t ouat be In good

cond i t i on
- Ro t am e t e r cust be free of f o r e i g n

ma t e r i a l
- RoCame t e r o p e r a t i o n oust te s tab l e
- Sampler notor brushe s nutt be changed

every 400 hra of opera t i onnra ot one
jmi co'.ledcSample wai collected in ac cordance

with the ib^ve gu l d e lLr . e a

REMARKS:

5 1 g n * c u r •

/u ̂

A-Q



H I -VOL DATA RECORD

HI-VOL DATA RECORD
(Continued)

Net Part l cu la t e Wgt .
Air Volume

grans

P«rClcul«te Concentra t ion
Total Sampling Time

hours minutes

REMARKS:

r

Clcyton Env i ronment« 1 Contu l ca ' ne s , trie.
2 5 7 1 1 Souchf l« ld load

Seuc t i f f e l d , Mlcht »«n 4 8 0 7 5

STATION LOCATION
CITY 4 STATE
SITE ADDRESS
PROJECT s tT £ N

IMSTRUMEST LAST CAt lBRATED ____
MOTOR IDENTIFICATION NO. ( «
ROTAMETER IDENTIFICATION NO.
FILTER NUMBER
START SAMPLING g f

no d ay
STOP SAMPLING <^ 2.

y r a 1 n CFM

•o day yr
ELAPSED TIME METER READ ING

hr CF t
10 5'y£'

"

H17MIDITY:

TEMPERATURE '¥:
_ _ _ _ _41-60, 6 1 - 3 0 ,
- Faceplat * ousc be hind Clghc
- Flownte must be ^ 107. of e i tab l l iheJ

t lovrate
- Ftcep lacc gasket must be In goodeoodl t Ion
- Roeaae t e r mute b« f ree of f o r e i g n

ma t e r i a l
- Rotaneter operat ion ousc be a t a b l e
- Sampler nocor brushes muac be changed

avery 400 hr* of o^aratlon
Sample vas collected In a c c o r d a n c '

with the a>ove gu ide l i ne s
'

-- e

" S i g n a t u r e



r
HI -VOL DATA RECORD

(Cont i nued )

H I -VOL DATA RECORD

Claytoa Env i ronmenta l Consu l tan t s , Inc.
I 57U Sou t h f l e l d load

Sout t i f f e l d , Mi ch i gan 4 8 0 7 5

STATION LOCATION
CITY & STATE , . -—•>.»•

Net Partlculate Wgt. grama
Air Volume m3

Partlculate Concentrat ion ug/m3

Total Sampl ing Time
hours minutes

REMARKS:

/l'̂ < A? T p J"£ Tvn <**<,44Jt

"* 6-T £-*' / G^-C-rvv ~ ' "" ^**^

. 33 JTT - - j «r- •

SITE ADDRESS ( V Cc^ v ££-£ - cA-^j. j
PROJECT H .\Jt-i-_t V^- S ITE SO. ^

INSTRUMENT LAST CALIBRATED
MOTOR IDENT IF ICAT ION NO. i\

ROTAMETER IDENTIF ICATION NO.
FILTER NUMBER 5 j ^69jS
START SAMPLING O g £ Z? ̂ j?

mo day yr hr oln CFM
STOP SAMPLING & 3 £3~ if M }•

•o day yr hr _Ln CFH
ELAPSED TIME METER READING //0S^ / ? t4 '

I n i t i a l F l r . a l
WIND: ca l * . l i g h t . J u s : /
VISIBIL ITY: c lear , haiy

ove r ca s t
, ^7 (HUM ID ITY : d r y . noJe ra - . e

hum id
TEMPERATURE • f : <20 , 20- tO ,

4 1 - 6 0 , 6 1 - 8 0 , > a o

'-3
65- tX

o-i.

(4-2-1

- Fa c e p l a t e mus t be hand t igh t
- F l owra t e mus t be + 101 of e s t a b l i s h e d

£ l ovra te
- Facep l a t e ga s k e t nuat be In good

cond i t ion
- Ro t am e t e r ous t be f r e e of f o r e i g n

mater ia l
- Ro t ame t e r op e r a t i o n oust be s t a b l e
- Sampler motor br^ut)>«4 muat be changed

avery 400 h r v ' o f opera t i on
Samp le vai col lected In a c c o r d a n c e

with the above gu ide l i n e s
\ C: v..
S l g n a c u r a

REMARKS:



RI-VOt DATA RECORD
(Contlnuajd)

Net Part icu lar * VgC.
Atr Volume ____

gram*

Fartlculate Concentrat ion
Total Sampling Time

hour* minutes

REMARKS! _£rg<Ot=g*Tor? AJoT

T.
ef-

65"
^D

c -\

Igsr .X

6- -2"? -"53

HI -VOL DATA RECORD

City too Env lronaanta l Con s u l t a n t s , Inc.
2 5 7 1 1 Souchf i e l d toad

Southffe ld , Michigan 4007]

STATION LOCATION
CUT 4 STATE ___.
SITE ADDRESS
PROJECT SUE SO.
INSTRUMENT LAST CALIBRATED
MOTOR IDENTIFICATION NO.
ROTAMETER IDENTIF ICATION NO.
FILTER NUMBER f >/I
START SAMPLING §*

STOP SAMPLING
ito d*y y~r
8 "5 93"

h~r nln __C?M

no d»y yf
ELAPSED TIME METER READING

ht ln 5T

In l e t * I
WIND: c a lm .
VIS IB IL ITY:
SKT:

elor.
c l ear , > ca c cer ing

node r a c e

- Fccepl-O muse b« h.nd tight
- Flovr.te must be > 101 of e s tab l i shed

f lovrace
- F * c e p l * t * ga s k e t oust be In goodcond i t ion
- Rotameter must be free of fore i gn

• •Cerl . l
- Rotaoece r opera t i on aust he s t ab l e
- Sampler motor b ru she s oust be change

every 400 hrs ofjyLetatlon ..
Sample was collected tn a c co r dan - -

wlth the above guldell-es

S 1 g n a c u c •

REMARKS:
/; yr~-

~^\ 7/ ,Cr*-JL ..V,.y^x 7 >? --J • 2



rrr
HI-VOL DATA RECORD

(Cont inued)

Net Fart lculate Wgt .
Air Volume

grams
.3

Partlculate Conc e n t r a t i o n
Total Sampling Time

hours

REMARKS:

• H I -VOL DATA IECORD

Clayton Environmental Consu l t an t s , Inc.
2 5 7 1 1 Sou th f l e l d Road

Sou t h f f e l d , Mi c h i g a n 4 8 0 7 5

STATION LOCATION
CITY & STATE

*T r
J- -'

SITE ADDRESS
PROJECT H£\

CU_t.
J S ITE SO. 3

INSTRUMENT LAST CALIBRATED
MOTOR IDENTIFICATION NO.

ROTAMETER IDENTIFICATION NO.
FILTER NUMBER

START SAMPL ING

».4

J.

STOP SAMPLING
no J«y yr
? 2>

hr
*?

aln
5 ̂

CFU.

mo day yr

ELAPSED TIME METER READING
hr

*"?"
i l n C rM

? 0
In i t ia l F 1 r. a I

W I N D : c i la.
VIS IB IL ITY :
SKY : c l ea r ,

c l e a r , hary

Ht-MIDITY:

o ve r c a s t
_ _ _dry.

huta id
IX*

u C a-*̂ - • >— —

TEMPERATURE '

_ _ _ _ _41-60,
<20.
6 1 - 8 0 ,

_ 2 0 - 4 0 ,
_ _ >ao

- Fa c e p l a t e mus t be hand t i gh t
- Flourate must be * 101 of e s tab l i s hed

f lovrate
- Facep late gasket oust be In good

c ond i t i o n
- Rot i a e t e r oust be f r e e of f o r e i g n

mater i a l
- Rotan e t e r ope ra t i o n oust be s t ab l e
- Sampler motor brusJ*«-9-. must be changed

every 400 hrs of opera t i on
Saaple uas co l l e c t ed In a c c o r d a n c e

with the above gu i de l i n e s\ /Y v-

RIMARK3 :

S ign * c ur •

/ U - 3 ̂



HI-VOL DATA RECORD
(Cont inued)

Net Particulars Wgt .
Air Volume

gram*

Partlculate Concentrat ion
Total Sampling Time

hours minutes

REMARKS ;
./_(- .it

i•{ /" r/-} • '.':• ~ .i,

^ /
lot 3-; / - - r
6 . C 5

*P T p
Y fir J*?

rf ; . f s ' r f

?5' .0?-

_ —— /£

_/

. - - 3 ^ .^

HI-VOL DATA RECOUD

Cl«ycon Envlron««nC«l Con«ult»at«, lac.
2 5 7 1 1 Southf l . ld load*

South f f c l d , Hlchtgtn 4 1 0 7 3

STATIOM LOCATION
CITY & STATE

I

SITE ADDRESS
PROJECT S ITE NO.

INSTRUMENT LAST CALIBRATED
MOTOR IDENTIFICATION MO.
COTAHETER IDENTIFICATION NO.

KILTER NUMBER
START SAMPMSC g' 2- gf" ?

BO day yr hr CFM

STOP SAMPLING
•o d«y yr

ELAPSED TIME METER READING

hr Ct

l a t c l a l Fl r . a l
WIND : CJ l o .

VISIBIL ITY:
SKY: c lear,

c l ear . hizy

jca c c - c i

HUMID ITY:

\jf

TEMPERATURE
_____41-60, 6 1 - 8 0 ,
- Facep l a t e ouit be hand e i g h t
- Flourate auj t be + 10' of e s c a bL l i h e d

ClouraCe ~~
- Faceplate gasket oust be In good

condlc ton
- Rotaaeeer ausc be free of fore ign

ma t e r i e l
- R oCam e c e r o p e r a t i o n oust be i c a b l e
- Saapler motor b ru s h e s euac be changed

every 400 hr« erf operat ion
Simple uat colle^eed In accordance

with /the- e^ove guidel ines
A *i w ______ -s
S l g n a c u r *

REMARKS:

A-14



r

r
HI-VOL DATA RECORD

(Cont i nued )

Net Fart lcu late Wgt .
Air Volume

grams

Pcct lcu lcce Concet tcrat lon
Total Sampling Time _____

hours m inu te s

/•+

T P

5

HI-VOL DATA RECORD

Cl«yton Env i ronmenta l Con s u l t a n t s , Inc.
2 S 7 1 I Southf l e l d load

South f f e l d , Hlch lgtn 4 8 0 7 }

STATION LOCATION
CITY & STATE

SITE ADDRESS

PROJECT t SITE SO.
INSTRUMENT LAST CALISKATED
MOTOR IDENT IF ICAT ION NO.

IOTAMETER IDENTIF ICATION NO.
FILTER NUMBER 5/ OO^2. fc
START SAMPL ING ff~ 2. \ ~*~

STOP SAMPL ING
mo

&

diy yr hr Bin
^ -2. 3

C r M

no day jr
ELAPSED TIME METER READING

hr B i n CFM
4-30

tn l t l a L F i n a l
BIND: c a Lm ,
VIS IB IL ITY:
SKY: c l ear .

_c 1 • a r , hazy

.
./
^

TEMPERATURE * F :
_____41-60, __

_ <20,
6 1 - 8 0 ,

_ 2 0 - 4 0 ,
> 80

- Fa c e p l a t e mu s e be hand tlghc
- Flowrate sust be + 101 of e s tab l i s h ed

f l ovrace
- Fa c e p l a t e ga s k e t Bust be la good

cond i t i on
- Rotaae t e r mu s e be free of fore ign

• a t e r l a l
- R o t am eCe c op e r a t i o n oust i t a t a b l e
- Samp l e r motor brushes^aHut be changed

every 400 hta of ope ra t i on
Samp l e wag col lected In a c c o r d a n c e

with the ab^>ve gu i d e l i n e sv t ' -
Signature

REMARRS:



H I -VOL DATA RECORD

HI-VOL DATA RECORD
(Cont inued)

Net Part ic ipate Wgt .
Air Volume
Partlculate Concentra t ion
Total Sampl ing Tine

grama
.3
ng/m3

hours minutes

REMARKS:

Cliycon Eavtrona*nc< l Con«ult«nc« (2 5 7 1 1 Souchft« ld toad
SouChf f e l d , Mich igan 4 8 0 7 )

STATION LOCATION
CITY & STATE . V .-
SITE A D D R E S S
PROTECT S ITE SO.
INSTRUMENT LAST CALIBRATED
MOTOR IDENTIF ICATION NO.

BOTAMZTER IDENTIF ICATION NO.
FILTER NUMBER
START SAMPL ING ^

STOP SAMPLING
day yr hrs as- T tn

•o day yr hr aln
ELAPSED TIME METER READING /04/3

- Fac ep l a t e must be hand t ight
- Flowrate ouit be + IOZ of establ l ihed

f lourat *
- Fa c e p l a t e g a s k e t must be In good

cond i t ion
- Ro t a n e t e c mus t be free of fo r e i gnmate r i a l
- Rotaoe ta r operation auit be a cab l e
- Saop lar moto r b r u s h e s auat be changed

• very 400 hra of o^e-ratlon
' /Saaple vras co l l ec/ed In a c c o r d a n c e

with tire abpve gu i de l i n e s

S i g na t u r e

REMARKS:



rr HI-VOL DATA RECORD
(Cont inued)

Nec Partlculate Wgt .
Air Volume _______

grama

P«rtlcul«te Concen t ra t i o n
Tota l Sampling Ttna _____

hour * minutes

REMARKS:

Jif-w 3

01 -

H I -VOL DATA RECORD

Claytoa Env lronaenta l Con i u l c a o t s , Inc.
2 5 7 1 1 Southf laLd toad

Sou t h f t e l d , Mich i gan 4 8 0 7 5

STATION LOCATION
CITY i STATE CK ^Vu' ' I' (.
SITE ADDRESS
PROJECT

j cJlX^ 1
« I-U-CX_ S ITE NO.

INSTRUMENT LAST CALIBRATED
MOTOR IDENTIFICATION MO.
I .OTAMETER IDENTIF ICATION NO.
FILTER NUMBER
START SAMPL ING % 3, fo" 3 If _

STOP SAMPL ING

day yr3 e- hr
_

atn
___
CFM

no day yr
ELAPSED TIME METER READING

hr Bin CFM

* //;'
WIND:

Initial
l i ^ h t . ^^

Fina l

V IS IB I L I TY :
SKY: c lear ,

_c 1 e • r ,
s c a t t e r i n g

HUMIDITY:
_ ov e r ca s t

dry ,
hua id

TEMPERATURE *
_ _ _ _ _ _41-60,

<20,

6 1 - 8 0 ,
JO- iO ,
___ > 80

- Fa c e p l a t e mu s t be hand t ight
- F lovra te must be +; 101 of e s t a b l i s h e d

£ lourate
- Fac ep l a t e ga s k e t oust be In good

cond l t Ion
- Rotameter must be free of f o r e i g n

ma t e r i a l
- Ro t a o e t e r ope ra t i o n ou s t be s t a b l e
- Sampler motor brushes ouat be changed

avery 400 hra of operation
Saaple «aa col lect/d In a c c o r d a n c e

wi th the aturve gu i d e l i n e s

REMARKS:

S igna tut •

Uii* C,

A - 1 7



HI-VOL DATA RECORD
(Continued)

f»et Part lcu late Wgt .
Air Volume
Partlculate Concentra t ion
Total Sampling Time

gram*

V
Hg/»3

hours minutes

REMARKS:

Jo

+0

H I - V O L DATA 1ECORO

Clayton Env i ronmenta l Con iu l c r . i t » ,
2 5 7 1 1 Southf l e ld Road

SouChffe l d , Mich igan 48075

STATION LOCATION
CITY & STATE __=
SITE A D D R E S S (,U(L cK.,
PROJECT r/ SITE NO.
INSTRUMENT LAST CALIBRATED
MOTOR IDENT IF ICATION NO.
ROTAMETER IDENTIF ICATION" NO.
FILTER NUMBER 51
START SAMPLING

STOP SAMPL ING

ELAPSED TIME METER READING

g z. s*r q Q ?
no
?
• O

day y
3 «
day yi

r hr atn
r 4 • Q"
' hr mln

cr

c.-

to l t ta l » 1

WIMD: ca la.
V IS IB I L ITY :
SKY:

_e 1« a r,
c l ea r ,

HUMIDITY:

TEMPERATURE
_____41-60, 6 1 - 30 ,
- Faceplate muse be hand tljh*
- F l owra t e mu s t be * 101 of es(

flovrate
' Facep l a t e gaske t oust b« In good

cond 1 t I on /
- Rocaaeter oust be f ree of fore ign j

B«cerlal
- Rocaaeter operat ion must »e s tab l e
- Sampler motor brushe s oust be changed .

• very 400 hrs o f^a^re*ac 1 on j •
/ ) v^'lSample was col lect/d In a c c o r d a n c e

with rhe aba^e gu tde l t r . e s

Stgna cu c *

REMARKS:

A - 1 R



Fr HI-VOL DATA RECORD
(Cont inued )

Net Part i cu la te Ugt .
Air Volume

grams

Part icu late Conc en t r a t i o n
Total Sampl ing Time

hours minutes

REMARKS:

to

H I -VOL DATA RECORD

Clay ton Env i r onmen ta l Con s u l t a n t s , Inc.
Z 5 M I Sou th f l e l d (aid

S o uCh f f e l d , Mich igan 6 8 0 7 3

STAT ION LOCAT ION ,
C I T Y & STATE ^-ToV-^- V__________
S ITE A D D R E S S ^A-J(3H-«. i .g •—^-______
P R O J E C T ^ \b\ Uoi4v<e^. S ITE NO.

INSTRUMENT LAST CAL IBRATED
MOTOR IDENT I F ICAT ION NO.
ROTAMETER IDENT IF ICAT ION NO.
FILTER NUMBER
START S A M P t T N C ,

day yr
S T O P SAMPLING _f 3

he atn CFM

mo day yr
E L A P S E D TIME METER READ ING

W I N D :

hr nln CFM

HUM ID ITY :

TEMPERATURE * K :
_ _ _ _ _41-60, 6 1 - 8 0 ,
- Fa c e p l a t e mus t be hand t ight
- F lowrate must be + 101 of e i tab l tahed

f l o v r a c e
- F a c e p l a t e g a s k e t m u s t be In good

c o n d i t i o n
- Ro t a a e c e r c a u s e be f r e e of f o r e i g n

m a t e r i a l
- R o t a a eC e r o p e r a t i o n ouit ke s t a b l e
- Samp l e r mo t o r brushe^_mu»e be changed

every 400 h r s o f o p e r a t i o n
Samp l e was co l l e c t4d In a c c o r d a n c e

wi th the above_ g u i d e l i n e s

SI j n a t u r «

REMARKS :

A- 19



KI -VOL DATA HE CO 10

HI-VOL DATA RECORD
(Cont inued)

Clayton Environmental Conau leaata , 1st,
2 5 7 1 1 Souchf l e ld Road

Southffe ld , Mich igan 4 8 0 7 5

STATION LOCATION
CITY & STATE __

Net P.rtlcul .te Wgt.
Air Volume
P.rclcul.te Concentrat ion
Tot.l Sampling Time

hour.

SITE ADDRESS %J u./ <. If^i - <• ~~J
. * , I J .ft

PROJECT TiXtfi^'^^ — • S ITE HO.J.ffl
gr.m. '

I N STRUMENT LAST C A L I B R A C E D
——————— " MOTOR IDENTIF ICATION NO. /O

H8/»3 ROTAMETER IDENTIFICATION NO.
FILTER NUMBER ^j^^^2"^

Dlnute» START SAMPLING S" 2_ §^~ 1 1 ̂

-
1

mo day yr hr Bin CF
, STOP SAMPLING & 3 & % '1C \

REMARKS: X^^. a*j£ <g_ S" '•
^J *J«jJ*S

• 3 2 . 3-3 -70 3&<) cj^
^tv7 JZ xf?? 0

f3 ^~/Jf^f<dl mo day yr hr nla C
ELAPSED TIME METER READING f03?6'2 Hi

._ ... r n 1 r t i I T ' -
"IND: ca lm. 1 L jh c , *u- •/
VIS IB IL ITY: c l ear . h
SKY: c l ear . i c a c c e r i ̂ r

overcast
^^ fl,t^^ ^ , f HUMIDITY: d r y . aod«r j : *

•% — V"^ hua id
C.' i\J V^ TEMPERATURE * r : <?0, 2 0 - 4 0 ,
. . K ! . . / X 4 1 -60 . 6 1 - 8 0 . > 8 0

1
)a
i'

i

/

x
*^r

l(\

- Facep la t e nuit be hand e i g h t
- F lowrace nu»t be * 10Z of e s t a b l i s h e d

t lowraee
c e p l a c . g.,kec Bu.e b. ln goo<1cond i t ion

- Ro t ame t e r aust be free of f o r e i g nmate r i a l
- Rocaae t e r ope ra t i on auit • • ( t a b l e
- Sampler motor b r u i h e i a u a t be chan ie i4

every 400 hra of <5"pe r it Ion r

Sample «a> co l lac teX In a c c o r d a n c e
vlth tde abov* gu i d e l i n e s

'
Signa tu r e

REKAR7S:



r
KI-VOL DATA RECORD

(Cont i nued )

Met P«rtlculate Wgt .
Air Volume __

grama
3

Ptrt lcu late Conc en t r a t i o n
Total Sampling Time

hours minutes

REMARKS:

4-i

,1 <.

K I - V O L DATA RECORD

Claytoa Env i ronmenta l Con t u l t a a t i , Inc .
2 1 7 1 1 Southf la ld toad

South f f e l d , Mich igan 4 8 0 7 5

STATION LOCATION
CITY & STATE

SITE A D D R E S S
PROJECT SITE NO.
INSTRUMENT LAST CAL IBRATED

MOTOR IDENT IF ICATION NO. O?
ROTAMETER IDENT IF ICAT ION NO.
FILTER NUMBER 5 '4 £ ?35^*
START S A M P L I N G S / *1

day yr
STOP SAMPL INGNG 8

_hr Kin
/ fr. C-g _

___C F V

mo day yr hr
E LAPSED TIME METER READ ING l2

_____
o l n CFM

~

HUMIDITY:

TEMPERATURE ' K:
_____41-60, 6 1 - 8 0 ,
- Facep l a t e mus t be hand t ight
- Flowrace mus t be * 101 of e s t a b l i s h e d

f lowrace
- Facep l a t e ga s k e t oust be In good

cood l t Ion
- Ro taa e t e r tauac be f r e e of f o r e i g n

ma t e r i a l
- Rotaocter ope ra t i o n oust ke s t a b l e
- Samp l e r motor b r u s h e s must be changed

• very 400 hr« a-fopeyatIon
Samp le wa i co l l ec ted In a c c o r d a n c e

wlch the ab^Ve gu- lde l l r .e i
__________V /L-^__________

S t g n a c u r *

REMARKS :



HI-VOL DATA RECORD
(Continued)

Net Fart tcu late Wgt .
Atr Volume _____

gran*

Part l cu la te Concen t ra t i on
Total Sampl ing Time hours minutes

REMARKS: •-£** 4S* id 11

,->- <r

H I -VOL DATA RECORD !

Clayton Env l ron ta en ta l Co n a u l t a n t s , Inc.
2 5 7 1 1 Southf le ld Road ]

Southffe ld , Michigan 4 9 0 7 5

STAT ION LOCATION
CITY & STATE
SITE ADDRESS
PROJECT />?,, SITE NO.
INSTRCMENT LAST CALIBRATED
MOTOR IDENTIFICATION NO.
ROTAMETER IDENT IF ICAT ION NO.
FILTER NUMBER
START SAMPLING

STOP SAMPLING ^

E L A P S E D

0?
no
)?
BO

TIME METER

of
day ?*~

V*
ST

day yr
READING >

/?hr
/^
hr

S'O-
Bin

'3
Bin

C r M

-J
In i t ia l

HUMID ITY : d ry , mod * r J •.
______h u a I d

TEMPERATURE • f : ____ <20, 20- iO ,
4 1 - 6 0 , 6 1 - 8 0 ,

- Fac ep l a t e mus t be hand t ight
- Flowrate Bust be * 101 of e s t a b l i s h e d

flovrate
- Facep late gasket oust be In good

cond I t Ion
- Ro taa e t e r aus t be f r e e of f o r e i g n

eater la l
- Rotaaeter operat ion oust he s t ab l e
- Saopler aotor brushes BU«C be change.

every 400 hra J^f~o>ie ration
S«aple was. coll«xc*d In • c c o r d a n r

vich /the ..*tav« gu ide l i ne s ,/ _V^'- _____
Signa tu r e

REMARitS:



r
HI-VOL DATA RECORD

(Cont i nu ed )

Net Part i cu la r s Wgt .
Air Volume

grams

Part l cu l a t e Con c e n t r a t i o n

Tota l Sampl ing Time
hours minutes

REMARKS: (^*r/jP/a^r^Z' <3<J~T ^&fZ-

<-* •ATI-is "30 <^ /^J

Tir

H I -VOL DATA RECORD

Claycon Env t rono en ca l Con«u l t«nc » , Inc.
2 5 7 1 1 S o u t h f l e l d Road

Souchf fe l d , Mich igan i 8075

STATIOS LOCAT ION
CITY 4 STATE ^^3^^ f*. \.'»

SITE A D D R E S S

S ITE NO.

INSTRUMENT LAST CALIBRATED
MOTOR IDENT I F ICAT ION NO.

ROTAMETER IDENT IF ICAT ION SO.4
FILTER NUMBER ~J' <=• c 73 ~"
START SAMPL ING C? 3-f £*" iO t'T"

mo

STOP S A M P L I N G 0^
mo

E L A P S E D TIME METER

day y r h r
£c ?r if
day yr hr
READIN-C^'TJ

oln Ci*.
1C

mln C?M
/•^ -•

In i t ia l • l-a l
W I N D : ca Lra .

V IS I B I L I TY :
SKY: c l e a r .

e Icar , ha zy

HL'MIDITY:

o v e r c a s t
___<lry.

h um i d
TEMPERATURE ' F :
_ _ _ _ _41-60,

_ <20,
6 1 - 8 0 ,

_20- iO ,
_ _ _ >3C

- Fa c e p l a t e nus t be hand t i gh t
- F l o u r aCe must be +• 101 of e s t a b l i s h e d

f l ovra te
- Fa c e p l a t e ga s k e t oust be In ?ood

c o n d i t i o n
- Ro t a r a e t e r aust be f r e e of f a r e l g n

ma t e r i a l
- Ro tao e t e r op e r a t i o n oust be s t a b l e
- Satap l e r motor b r u s h e s must be c hang ed

•very 400 hrs^oj op e r a t i o n
Sample vas c o l l e c t e d In a c c o r d a n c e

wi t h the above gu i d e l i n e s'
S l ^ n a t u r *

A-23



HI-VOL DATA RECORD
(Continued)

Net Part l cu lace Hgt .
Atr Volume _________

grams

Partlculate Concentration
Total Sampl ing Time

hours minutes

REMARKS t -^^^J. *£ !4"Li (?fC)

66J

2?

HI -VOL DATA RECORD I

Claycon Environmenta l Contu l ta . i t ] , Inc.
2 5 7 1 1 Southf la ld Road

Southfleld, Michigan 4807 } I

STATION LOCATION
CITY i STATE

i fJA j ' . fU
SITE ADDRESS ^V3H^ Vl£g e^-
PROJECT A / ^ l Un l W< SITE NO. /^
IMSTROMENT LAST CALIBRATED
MOTOR IDENTIFICATION NO.
ROTAMETER IDENTIFICATION SO.
FILTER NUMBER jj / C btf ^
START SAMPL ING C<,' / -L

BO
STOP SAMPLING

day yr hr
>' \")

otn CFM

•o day yr
ELAPSED TIME METER READING

l>r ml n

KIND: ci la.

In i t ia l
Ui jh t . _ _ _

VISIB IL ITY:
SKY:

c lear ,
s c a t t e r i n g

HUMID ITY :

TEMPERATURE
_____41-60, 6 1 -80 ,
- F«c«place must be hand eight
- Plovrate oust be ^ 101 of estaMlahed

Elourate
- Faceplate g j ske t ouaC be In good

condl t ton
- RoCame t e r ouit be f r e e of fore ign

• e t e r l a l
. RoCao e t e r op e r a t i o n muse be s t a b l e
- Samp l e r mo t o r b ru s h e s BUSC be changed

every 400 hra.^0~f operat ion ;
Sample va* coAlected In accordance

vlth/ cbe above gu ide l ines
'

Signa t u r e
REMARKS:

A-24



rrr
HI -VOL DATA RECORD

(Cont i nued )

Ne t Par t t c u l a t e Wg t .
Air Volume
Part l cu lace Conc en t r a t i o n

Tota l Sampl ing Time

grama

B3
i g/m3

hours minutes

REMARKS:

? W-S

SW

H I -VOL DATA RECORD

Clayton Env i ronmen ta l Co n a u l t a n t i , I n c .
2 5 7 1 1 Sou t h f t e l d Ro«d

Sou t h f f e l d , Mich igan 4 8 0 7 5

STAT ION LOCATION
CITY & STATE

, —— . 1
-J CVVvw V \ \̂v\.V/'-

S ITE A D D R E S S

PROJECT ft* lfljt U
/ .( 'o^ , V<>c.e^

">"X. S ITE NO.
INSTRUMENT LAST CALIBRATED
MOTOR IDENT I F ICAT ION NO.

ROTAMETER IDENT I F ICAT ION NO .
F ILTER NUMBER 57 / £ 6 °)
START SAMPL ING 0 £" !Lj

day yr
STOP SAMPL ING &€'

hr mln
1 *) l~t>

Cfy.

mo day yr
ELAPSED TIKE METER READ ING

WIND : c a l m .

hr mln CFM

VIS IB I L ITY :
SKY :

ha zy
c l e a r , s c a c c e r i n g

HITMID ITY :
ova r c a s e
___dry,

hum id
m o d e r a : -

TEMPERATURE "* :
_ _ _ _ _41-60,

_ <20,
6 1 - 8 0 ,

_ 20-40 ,
_ _ _ >80

- F a c e p l a t e mus t be hand t ight
- F l owra c e must be * 102 of e s t a b l i s h e d

f l oura t e
- Fa c ep l a t e g a s k e t oust be In good

c o n d 1 t I o n
- R oC a a e t e r nu s t be free of f o r e i g n

mat e r i a l
- RoCaa e t e r o p e r a t i o n mu s e be s t a b l e
- Samp l e r mo to r b ru s h e s mu ic be changed

avery 400 hr§ o Ex3"p"eYat Ion
Samp l e was coHec/ed I n a c c a c d i

vtth the abo^/a gu i d e l i n e s

REMARKS :

Sl j r .acuc i

C T~



HI -VOL DATA RECORD

HI-VOL DATA RECORD
. (Continued)

Net Part lculv.ee WgC.
Air Volume

grams
3

Part l cu lace Concen t ra t i on

Total Sampl ing Time
hours minutes

REMARKS:

8s- '

43

Cl i yCon Envtrono«nc j I Con iu l can . c • , Inc .
2 5 7 1 1 Souch f l e l d Road

Southffe ld , Michigan 43075

STATION tOCATION_
CITY 4 STATE

Jfl .SITE ADDRESS
PROJECT yV?/x \ U> 0 ( -L./ct S ITE NO. £
INSTRUMENT LAST CALIBRATED
MOTOR IDENTIFICATION NO.
ROTAMETER IDENTIF ICATION NO.
FILTER NUMBER
START SAMPL ING 0^ ^~ 5

no day yr hi
STOP SAMPLING 6>cf <? fj &T ^<J

l'n CF M

«o day yr
ELAPSED TIME METER READ ING

hr Bin

HUMIDITY:

TEMPERATURE ' I f :
_____41-60.
- Faccp lat * muac b« hand e i gh t
- F lowrate must be + 10% of e s c a b l i s h e d

flovrace
- Facaplaea gasket oust ba In goodcondit ion
- Rotan«ter oust be free of fore i gn

•a ter la l
- Rotaaeter operation oust ke s tab le
- Saapler motor bru she s auit be changed

•very 400 hr* of operation •
Safflple was collec^4d In accordance

with the above guide l ines

S igna tu r e

REMARKS:



rr HI -VOL DATA RECORD
(Cont inued)

Net Partlculate Wgt.
Air Volume ______

grams

Part l cu l a t e Concen t ra t i o n

Total Sampl ing Time _____
ng/m3

hours minutes

REMARKS:

Vi
2*5. 5?

cr
ft

HI -VOL DATA RECORD
.•

Clay ton Env i r o nmen t a l Con«u I c«aca , Inc.
2 5 7 1 1 Souchf l e l d Roid

Sou t h f f c l d , Mlch lgaa 4 8 0 7 5

STATION LOCATION
CITY & STATE ^TT / v
SITE A D D R E S S

PROJECT y/T
W, V,

S ITE :io.
INSTRUMENT LAST CALIBRATED

MOTOR IDENT IF ICAT ION NO.

ROTAMETER IDENT I F ICAT ION NO.

F ILTER NUMBER A 5 / £ £ *? 3
START SAMPL ING 05" ST

mo day yr he o in
STOP SAMPLING

•o day yr hr
ELAPSED TIME METER READING I I

o l n C?M
• (j. t

In it ia l
U IND : c a lm .
V I S I B I L I T Y :
SKY : c lear ,

c l e a r ,

Fina l

4 -j i : ;•
ha tv

HUMID ITY :
ove r ca s t
___dry,

hum id

TEMPERATURE 'K :

_ _ _ _ _41-60,
_ <20,
6 1 - 8 0 ,

- Fa c e p l a t e must be hand t ight
- F lovra te must be + 107. of e s t a b l i s h e d

f lourate
- Fac ep l a t e ga ske t oust be In good

cond i t i on
- Rotaa e t e r mu s t be f r e e of f o r e i g n

ma t e r i a l
- Rotaoe t e r o p e r a t i o n oust be s t a b l e
- Samp l e r mo t o r b r u s h e s aust be c h a n g e d

every 400 hr» o f_, S"pe~r>B 11 o n
Sample vas col lecc/d In a c c o r d a n c e

with t^« above gu ide l i ne s
\ C

REMARKS:

S i g n a t u r e
' 5925-

l\ 07



HI-VOL DATA RECORD
(Cont inued)

Net Pare lcu late Vge.
Air Volume

grams

Part l cu lAte Conc en t r a t i o n
Tota l Sampl ing Time

hours minutes

REMARKS : r.*tv

HI-VOL DATA RECORD

C l a y t o n Env i r o nme n t a l Con tu 11 ar.t s , Inc.
2 5 7 1 1 S o u t h f t e t d Road

Sou t h f f e l d , Mi ch i gan 4 8 0 7 3

STATION LOCAT ION
CITY & STATE _-TT

SITE ADDRESS

PROJECT /'/[ t^ \ '^_,f \ -
INSTRUMENT LAST CAL I3RATED
MOTOR IDENT IF ICAT ION NO.

S ITE NO.

ROTAMETER IDENT IF ICAT IOS NO. A
FILTER NUMBER , _

START SAMPL ING Q% I*) I j
mo day yr

STOP SAMPL ING C^ 0 6 lrS~
hr ln C F M

•a day yr
E L A P S E D TIME METER READ ING

hr ^ri
In lc la l

U ISD :
V I S I B I L I TY :
SKY: c l ear ,

cl«ac.
s i J t . •• t i

HUMID ITY:

TEMPERATl 'RE ° K :

_ _ _ _ _ _41-60, 6 1 - 3 0 ,

- Fa c e p l a t e ous t be hand t ight
- F i ow r a t e must be * 107. of e s t a b l i s h e d

f lovratc
- Fa c ep l a t e g a s k e t oust be In good

c o nd i t i o n
- Ro t ao e t e r au * t be free of f o r e i g n

mate r i a l
- Rotaae te r ope ra t i o n oust be s t ab l e
- Samp l e r motor b r u s h e s oust be changed

• very 400 hrs of operat ion <*.
Saapte v*$ co l lected In a c c o r dan c e

above gu i d e l i n e s

S I £f l4 C



HI-VOL DATA RECORD
(Con t i nu ed )

Net Part l cu late Wg t .
Air Volume

grams

Partlculate Concentrat ion

Total Sampl ing Time
hours minutes

REMARKS:

H I -VOL DATA R E C O R D

Clay t on Env i r o nmen t a l Co n s u l t a n t s , Inc .
2 5 7 1 1 Southf l e l d Road

Sou t h f f e l d , Mich igan 4 8 0 7 5

STATIOV LOCATION^
C ITY i STATE ^=-

SITE A D D R E S S f t
7 lPROJECT

.< ; !/ v c f,_.
S IT - NO .

INSTRUMENT LAST CAL IBRATED

MOTOR IDENT I F ICAT ION NO.
ROTAMETER IDENTIF ICATION NO.
FILTER NUMBER A" 5! £^
START SAMPL ING Q£ $~ 3$'

mo day yr
STOP S A M P L I N G £>*?" 06

hr
/ 5

BO diy yr hr CFM .
.,

E L A P S E D TIME METER READ ING > ' < -^-T
I n LC t a l Fina l

UlSD: CJ La ,

V I S I B I L I T Y :
SKY: c l ear .

c l e a r , bar -

HUMID ITY :
_______ h u ra i. d

TEMPERATURE ' If : ____<20,
4 1 - 6 0 , 6 1 - 8 0 ,

- Fac ep l a t e Du s t be hand t i gh t
- F l owra t e mu s t be > IOZ o£ e s t j S l t s h e d

f lowra te
- Fa c e p l a t e g a s k e t must be In good

cond i t ion
- Ro t a n e t e r m u s t be f r e e of f o r e i g n

a a t e r l a l
- Ro t a a e t e r o p e r a t i o n must be s t a b l e
- Saap l e r motor b ru she s muat be c hang ed

• very 400 hri of operatj^xn
Samp l e wa s co l l e c t ed I n/ a c c o r d a n c e

w i t h the abov e

SI jna tur *

REMARKS •



H I -VOL DATA RECORD

HI-VOL DATA RECORD
(Cont inued)

N«C Par t l cu l a t e Wg t .
Air Volume _______

grama

FarClcu la te Con c e n t r a t i o n
Total Sampling Tine _____

hours minutes

REMARKS:

<r

JJL

. /a.

Clayton Envl-ronaenCa 1 Contu l c i n c i , Inc.
Z S 7 1 1 Sou c h f l e l d Road

Sou t h f f e l d . Mlchtg .n 4 8 0 7 3

STATION LOCATION
CITY 4 STATE _^

SITE ADDRESS
PROJECT /Via.

//
S ITE s

INSTRUMENT LAST CALIBRATED ___
MOTOR IDENTIFICATION NO. I Q~
ROTAMETER IDENT IF ICATION NO.
F ILTER NUMBER 5 / £ £ *7 <L-/
START SAMPLING

•o d»y yr iTf oln
STOP SAMPLING OS- Q £ ffs ' ^ , ; 7^.

CFM

no day yr
ELAPSED TIME METER READING

hr nln CF

2 0 - 4 0 ,
41 -60 , S I - 8 0 , • 80

- Facep late muse be hand eight
- Flowrate aust be * 107. of • s cab l l j h ed

floucaee
- Fa c e p l a t e ga s k e t ouat be In goodcond 1 t I on
- Ro tame t e c auit be f r e e of f o r e i g nmater ia l
- Rotaoeter operat ion aust be s tab l e
- Sampler motor brushes auie be changer

• very 400 hrs of opAUClon '•.
Samp l e vas co l l e c t ed^ in a c c o r d a n c e

w i th the above/gu tda t i n e s
'

Slgr . j cur«

REMARKS: 13^
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FIELD DATA SUMMARY SHEETS



Ambient air analysis
Job number: 27735-13
Cl ient : Malhotra
Loca t i on : Johns Manvi l le
City: Uaukegan, Illinois
Date : Au3 1-Aug 2, 1985

Site
Sampling
t ime
(m i n)

Pump Delta H
Number Aver 396

Pump flowrate(SCFM) Total Vol TSP Lead TSP
Start Stop (cu. m> ( n i l l i g r ) (m i l l i q r ) (m i croqr .

per cu .m)
1 A
2 A
3 A
4 A
5 A
6
7
8
9
.0 A

1455
1299
825

1036
1396
1460
1458
1459
1458
14 18

21
11

7
1
3

25
19
20
22
18

3 .4
1 .45
2 . 4 5
3 . 3
1 . 9
3 .5
3 .7
3 .9
3 .7

3.25

59
87.5

81
90
81
51
53
55
53
46

59
87.5

81
90
81
51
53
55
53
46

243 1 .9
3220.0
1993 . 1
2 6 4 1 . 4
3 2 0 3 . 4
2 1 0 9 . 4
2 1 8 9 . 1
2273 .3
2 1 8 9 . 1
1847.9

135 .5
37 .3
1 5 .6
19 .6
4 0 . 5
23 .8
6 7 . 9
JO • M2b , :
1 .8 .5

0 .05
0 . 0 4
0 .02
0 . 0 2
0 .05
0 . 0 2
0 .05
0 . 1 4
0 .05
0.04

55.5
1 1 . 4
8 .0
7 . 2

1 2 . 5
1 1 . 0
30 .8
16 .6
12. -?
9 .7

0 .0 123
0 .0062
0 .0060
0 .0060
0 . 0 0 9 4
0 .0060
0 . 0 1 3 7
0.0528
0 . 0 1 3 7
0.0108

5166922
5 1669 17
5 1 6 6 9 2 1
5 166920
5 1669 13
5166923
516r91 i >
5 166918
51669r<
5166915

A indicates the sites with 3enerators



Ambient air analysis
Job number: 27735-13
Client: Malhotra
Location: Johns Hanville
City: Waukegan, Illinois
Date: Aug 2-Aug 3, 1985

Site
Number

1 A
2 A
3 A
4 A
5 A
6
7
8
9

10 A

Sampling
time

(min)
1395
1 129
1433
1270
433

1374
1344
1329
1387
1233

Pump Delta H Pump flowrate(SCFM) Total Vol TSP Lead
Number Average Start Stop <cu. m) (mill igr) (mil l igr)

21
11

4
1
3

25
19
20
22
18

4 . 2
1 .5
2. 1
3 .2
1 .8
4 .5
3 .9
4 . 1
3.5
3 .4

56
90
61
90
79
58
54
57
51
48

56
90
81
90
79
58
54
57
51
48

2213. 1
2878.6
3288.3
3238.1
969.08
2257.6
2056.0
2 1 4 6 . 0
2003.9
1676.6

230.9
68.8
52.2
4 1 . 4

26
74.8

132 .3
51

7 4 . 8
33.7

0 . 13
0 . 18
0. 16
0. 14
0.04
0. 1 1
0 . 18
0 .25
0 . 1 1
0 .07

TSP
(microgr.
per ci j .m)

104 .0
23. G
15 .6
12 .5
26.0
32.8
64 .0
23 .4
36 .9
19 .6

Lead
(microgr .
per cu.w)
0.04970
0.05558
0.04257
0.03705
0.02063
0.03986
0.07781
0 . 1 0 7 1 7
0 . 0 4 4 9 1
0.02982

Filter
Number

5166933
5166932
5166931
5166930
5166926
5166914
5166928
5166927
5166925
5166929

A indicates sites with generators



Ambient air analysis
Job number: 27735-13
Cl i en t : Malhotra
Location: Johns Manville
Ci t y : Uaukegan, Illinois
Date : Aug 5-Aug 6, 1985

Site
Sampling Pump Delta H Puip flowrateCSCFM) Total Vol
tine Number Average Start Stop (cu. m)
(m i n )

TSP
(m i l l i gr ) (m i l l i g r )

1 A
2 A
3 A
4 A
5 A
6
7
8
9
10 A

1379
1069
1400
12 14
1407
14 1 1
1393
1381
1381
1364

21
11

4
1
3

25
19
20
22
16

4 .2
1 .7
2.3
3 . 1
1 . 9
4 .6
4 . 1
3 .3
3 . 4
3 1• t*

56
64
87
90
81
59
56
51
50
45

56
64
87
90
81
59
56
51
50
45

2 187 .7
1938.2
3450 .5
7095 .3
3228 .6
2358.4
2209.9
1995 .3
1956. 1
1738 .8

144
78.6

100 .4
66.4

1 2 1 . 6
85 .5
72 .4
56 .3
4b .7
5 4 . 6

id
g r >

0 .07
0.09
0 .09
0 .09
0 . 16
0.07
0 .04
0 . 1 1
0 . 0 4
0 . 0 4

TSP
(w i c rogr .
per cu .m)

65 .4
40.0
28 .8
2 1 . 1
3 7 . 4
35 .8
32 .3
2 7 . 7
2 3 . 4
30 .8

Lead
(m i crogr .
per c u .m )
0 .02285
0.0361 1
0 .02028
0 .0226 1
0 .04336
0 .02 120
0.00904
0 .045 10
0 .0 1022
0 .0 1 1 5

Filter
Number

5166935
5166936
5166937
•5 166939
5166938
5166940
5166934
5166942
5 1 6 6 9 4 3
•5 166941

A indicates the sites with generators
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METEOROLOGICAL DATA SUMMARY



METEOROLOGICAL DATA
August 1 - 2, 1985
Johns Manville
Waukegan, IL

Time
1 1 :32
16:00
19:50
00:20

Barometric
Pressure

(He)
28.80

. 28.81
28.82
28 .82

Ambient
Temperature

(°F)
80
68
67
65

Wind
Speed
(m/s)

7
5-6
< 5
< 5

Wind
Direction

NNW
N
S
S

C-l



METEOROLOGICAL DATA
August 2 - 3 , 1985
Johns ManvilleWaukegan, IL

Time
08:33
1 1 :33
15:45
18.58
00:40
03:57

Barometric
Pressure

(Hg)
28.90
28.88
28.86
28.79
28.83
28.83

Ambient
Temperature

(°F)
65
72
72
65
66
66

Wind
Speed
(m/s)
Calm
3
3
Calm
2
Calm

Wind
Direction
—
SW
WNW
—
ESE
__
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METEOROLOGICAL DATA
August 5 - 6, 1985
Johns Manville
Waukegan,IL

Time
19 :46
04: 15
07:45
13 :30
18:40

Barometric
Pressure

(Hg)
28.58
28.59
28.62
28.62
28.58

Ambient
Temperature

(°F)
80
81
85
82
80

Wind
Speed
(m/s)

5
5
5
5
5

Wind
Direction

SW
SW
SW
NW
SE
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APPENDIX D
USEPA RECOMMENDED SAMPLING AND ANALYSIS PROCEDURES



ENVIRONMENTAL PROTECTION AGENCY REGULATIONS ON NATIONAL
PRIMARY AND SECONDARY AMBIENT AIR QUALITY STANDARDS' . f
(40 CFR 50; 36 FR 22384, November 25, 1971; as amended by Code of Federal

Regulations, Volume 40, rerised as of July 1,1976; 41 FR 52686, Decemher 1,19^43
FR 46258, October 5, 1978; 44 FR 8220, February 8, 1979; 44 FR 379lSwJun«29,
1979; 46 FR 44163, September 3, 198^47 FR 54899, December 6,1982,\4*CR 628,
January 5, 1983; 48 FR 2529, January 20,1SS3; Corrected by 48 FR 17355, ApMl 22,
1983)

S-6M
12MM01

SUKHAPTtt C—Alt nOCIAMS
PART 50—NATIONAL PRIMARY AND

SECONDARY AMBIENT AIR QUAL-
ITY STANDARDS
Authority: Sec. 109, Clean Air Act, as

amended 42 U.S.C. 7409.
[Amended by 48 FR 628, January 5. 1983 ]
{ 50.1 Definition*.

(a) As used In this part, all terms notdettned herein shall have the meaninggiven them by the Act.(b) "Act" means the Clean Air Act. asamended (42 U.S.C. 1857-18571. asamended by Pub. L. 91-€04>.fc) "Agency" means the Environ-mental Protection Agency.(d) "Administrator" means the Ad-ministrator of the Environmental Pro-tection Agency.<e> "Ambient air" means that portionof the atmosphere, external to buildings,to which the general public has access.
tf) "Reference method" means a methodof sampling and analyzing the ambient airfor an air pollutant that is specified as areference method in an appendix to this part,or a method that has been designated as areference method in accordance with Pan S3of this chapter; it does not include a methodfor which a reference method designationhas been cancelled in accordance with §53.11or $53. 16 of this chapter.
(g) "Equivalent method" means a

method of sampling and analyzing the
ambient air for an air pollutant that has
been designated as an equivalent method
in accordance with Part 53 of this chapter;
it does not include a method for which an
equivalent method designation has been
cancelled in accordance with § 53 . 1 1 or
§53 . 16 of this chapter.

(h) "Traceable" means that a local
standard has been compared and
certified either directly or via not more
than one intermediate standard, to a
pr.mary standard such as a National
Bureau of. Standards Standard
Reference Material (NBS SRM). or a

USEPA/NBS-apprbved Certified
Reference Material (CRM).
[50.1 (h) added by 43 FR 2S29. January
20, 1983]
9 S0.2 Scope.

(a) National primary and secondaryambient air quality standards under sec-' tion 109 of the Act are set forth In thispart.<b> National primary ambient airquaLUy standards define levels ot airquality which the Administrator Judgesare necessary, with an adequate marginof safety, to protect the-public health.National secondary ambient air qualitystandards define levels of air qualitywhich the Administrator Judges neces-sary to protect the public welfare fromany known or anticipated adverse effectsof a pollutant. Such standards are sub-ject to revision, and additional primaryand secondary standards may be promul-gated as the Administrator deeca neces-sary to protect the public health andwelfare.(c) The promulgation of nationalprimary and secondary ambient airquality standards shall not be consid-ered in any manner to allow signifi-cant deterioration of existing air q-J4J-ity in any portion of any State.(d) The proposal, promulgation, orrevision of national primary and sec-ondary ambient air quality standardsshall not prohibit any State from es-tablishing ambient air quality stand-ards for that State or any portionthereof which are more stringent thanthe national standards.
§ 50.3 Reference conditions.
All measurements of air quality artcorrected to a reference temperatureof 25* C. and to a reference pressure ot

760 millimeters of mercury ( 1 .0 13 .2
millibars).
§ 50.4 National primary ambient air qual-

ity standards for sulfur oxides (sulfur
dioxide).

The national primary ambient air
quality standards for sulfur oxides

measured as sulfur dioxide by the ref-erence method described in AppendixA to this part, or by an equivalentmethod, are:(a) 80 micrograms per cubic meter(0.03 p.p.m.)—annual arithmetic mean.(b) 365 micrograms per cubic meter(0.14 p.p.m.)—Maximum 24-hour con-centration not to be exceeded morethan once per year.
9 50.5 National secondary ambient air

quality standards for sulfur oxides
(sulfur dioxide).

The national secondary ambient airquality standard for sulfur oxidemeasured as sulfur dioxide by tne ref-erence method described in AppendixA to this part, or by any equivalentmethod is 1.300 micrograms per cubic
meter (0.5 p.p.m.) maximum 3-hourconcentration not to be exceeded morethan once per year.
§50.6 National primary ambient air qual-

ity standards for particular matter.
The national primary ambient air

quality standards for particulate
matter, measured by the referencemethod described in Appendix B tothis part, or by an equivalent method.are:
(a) 75 micrograms per cubic meter-annual geometric mean.
(b) 260 micrograms per cubic

meter—maximum 24-hour concentra-
tion not to be exceeded more thanonce per year.
§ 50.7 National secondary ambient air

quality standards for particulate
matter.

The national secondary ambient air
quality standards for particulatematter, measured by the referencemethod described in Appendix B to
this part, or by an equivalent method.are:
(a) 60 micrograms per cubic meter-

annual geometric mean, as a guide to
(S«c. 50.7(a)l

8-3-83 Publish«d by THE BUREAU OF NATIONAL AFFAIRS INC.. Washington. O.C. 20037 17
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Appendix B—Reference Method for the
Determination of Suspended Particulate
Matter in the Atmosphere (High-Volume
Method)

[Appendix B revised by 47 FR 54899,
December 6, 1982 ]

1.0 Applicability.
1.1 This method provides a measurement

of the mass concentration of total suspended
particulate matter (TSP) in ambient air for
determining compliance with the primary and
secondary national ambient air quality
standards for particulate matter as specified
in 5 50.6 and § 50.7 of this chapter. The
measurement process is nondestructive, and
the size of the sample collected is usually
adequate for subsequent chemical analysis.
Quality assurance procedures and guidance
are provided in Part 58. Appendixes A and B.
of this chapter and in References 1 and 2.

2.0 Principle.
2.1 An air sampler, properly located at the

measurement site, draws a measured
quantity of ambient air into a covered
housing and through a filter during a 24-hr
(nominal) sampling period. The sampler flow
rate and the geometry of the shelter favor the
collection of particles up to 25-50 urn
(aerodynamic diameter), depending on wind
speed and direction (3} The fi lters used are
specified to have a minimum collection

efficiency of 99 percent for 0.3 /im (OOP)
particles (see Section 7.1 .4).

2.2 The Rlter is weighed (after moisture
equilibration) before and after use to
determine the net weight (mass) gain. The
total volume of air sampled, corrected to EPA
standard conditions (25* C, 760 mm Hg [101
kPaj), is determined from the measured flow
rate and the sampling time. The
concentration of total suspended particulate
matter in the ambient air is computed as the
mass of collected particles divided by the
volume of air sampled, corrected to standard
conditions, and is expressed in micrograms
per standard cubic meter (pg/std m1). For
samples collected at temperatures and
pressures significantly different than
standard conditions, these corrected
concentrations may differ substantially from
actual concentrations (micrograms per actual
cubic meter), particularly at high elevations.
The actual parnculate matter concentration
can be calculated from the corrected
concentration using the actual temperature
and pressure daring the sampling period.3.0 Range.

3.1 The approximate concentration range
of the method is 2 to 750 ̂ ig/std m1. The
upper limit is determined by the point at
which the sampler can no longer maintain the
specified flow rate due to the increased
pressure drop of the loaded filter. This point
is affected by particle size distribution,
moisture content of the collected particles,
and variability from filter to niter, among
other things. The lower limit is determined hy
the sensitivity of the balance (see Section
7.10) and by inhrrent sources of error (see
Section 6).

3.2 At wind speeds between 1.3 and 4.5
m/sec (3 and 10 mph). the high-volume air
sampler has been found to collect particles
up to 25 to 50 jim. depending on wind speed
and direction.(J) For the filter specified in
Section 7.1. there is effectively no lower limit
on the particle size collected.

4.0 Precision.
4.1 Based upon collaborative testing, the

relative standard deviation (coefficient of
variation) for single analyst precision
(repeatability) of the method is 3.0 percent.
The corresponding value for interluboratorv
precision (reprodut:bility) is 3.7 percent.N)

50 Accuracy.
5.1 The absolute accuracy of the method

is undefined because of the complex nature
of atmospheric particulate matter and the
difficulty in determining the "true"
particular matter concentration. This
method provides a measure of particulate
matter cor.cemration suitable for the purpose
specified under Sect ion 1.0. Applicability.

6.0 Inherent Sources of Error.
6.1 Airflow variation. The weight of

mater ia l col lecttd on the f i l ter represents the
( integrated) sum of the product of the
instantaneous flow rale nmes the
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f
instantaneous particle concentration.
Therefore, dividing this weight by the
average flow rate over the sampling period
yields the true participate matter
concentration only when the flow rate is
constant over the period. The error resulting
from a nonconstant flow rate depends on the
magnitude of the instantaneous changes in
the flow rate and in the particulate matter
concentration. Normally, such errors are not
large, but they can be greatly reduced by
equipping the sampler with an automatic flow
controlling mechanism that maintains
constant flow during the sampling period.
Use of a cootant flow controller is
recommended*

6.2 Air volume measurement. If the flow
rate changes substantially or nonuniformly
during the sampling period, appreciable error
in the estimated air volume may result from
using the average of the presampling and
postsampling flow rates. Greater air volume
measurement accuracy may be achieved by
(1) equipping the sampler with a flow
controlling mechanism that maintains
constant air flow during the sampling
period,' (2) using a calibrated, continuous
flow rate recording device to record the
actual flow rate during the samping period
and integrating the flow rate over the period,
or (3) any other means that will accurately
measure the total air volume sampled during
the sampling period. Use of a continuous flow
recorder is recommended, particularly if the
sampler is not equipped with a constant flow
controller.

6.3 Loss of volatile^ Volatile particles
collected on the filter may be lost during
subsequent sampling or during shipment and/
or storage of the filter prior to the
postsampling weighing.(5) Although such
losses are largely unavoidable, the filter
should be reweighed as soon after sampling
as practical.

64 A rtifact particulate matter. Artifact
particulate matter can be formed on the
surface of alkaline glass Tiber filters by
oxidation of acid gases in the sample air,
resulting in a higher than true TSP
determination.^ 7) This effect usually occurs
early in the sample period and is a function
of the filter pH and the presence of acid
gases. It is generally believed to account for
only a small percentage of the filter weight
gain, but the effect may become more
significant where relatively small particulate
weights are collected.

6.5 Humidity. Class fiber filters are
comparatively insensitive to changes in

•At elevated alt i tudes , the effectiveness of
automatic flow controllers may be reduced because
of a reduction in the maximum sampler flow.

relative humidity, but collected particulate
matter can be hygroscopic.(5) The moisture '
conditioning procedure minimizes but may
not completely eliminate error due to
moisture.

6.6 Filter handling. Careful handling of
the filter between the presampling and
postsampling weighings is necessary to avoid
errors due to loss of fibers or particles from
the filter. A filter paper cartridge or cassette
used to protect the filter can minimize
handling errors. (See Reference 2. Section 2)

6.7 Nonsampled particulate matter.
Particulate matter may be deposited on the
filter by wind during periods when the
sampler is inoperative. [9) It is recommended
that errors from this source be minimized by
an automatic mechanical device that keeps
the filter covered during nonsampling
periods, or by timely installation and
retrieval of filters to minimize the
nonsampling periods prior to and following
operation.

6.8 Timing errors. Samplers are normally
controlled by clock timers set to start and
stop the sampler at midnight. Errors in the
nominal 1.440-min sampling period may result
from a power interruption during the
sampling period or from a discrepancy
between the start or stop time recorded on
(he filter information record and the actual
start or stop time of the sampler. Such
discrepancies may be caused by (1) poor
resolution of the timer set-points. (2) timer
error due to power interruption. (3) missetting
of the timer, or (4) timer malfunction. In
general, digital electronic timers have much
better set-point resolution than mechanical
timers, but require a battery backup system
to maintain continuity of operation after a
power interruption. A continuous flow
recorder or elapsed time meter provides an
indication of the sampler run-time, as well as
indication of any power interruption during
the sampling period and is therefore
recommended.

6.9 Recirculation of sampler exhaust.
Under stagnant wind conditions, sampler
exhaust air can be resampled. This effect
does not appear to affect the TSP
measurement substantially, but may result in
increased carbon and copper in the collected
sample. (10] This problem can be reduced by
ducting the exhaust air well away, preferably
downwind, from the sampler.

7.0 Apparatus.
(See References 1 and 2 for qualily

assurance information.)
Note.—Samplers purchased prior to the

effective date of this amendment are not
subject to specifications preceded by (t).

7.1 Filter. (Filters supplied by the
Environmental Protection Agency can be
assumed to meet the following criteria.

Additional specifications are required if the
sample is to be analyzed chemically.)

7.1.1 Size: 20.3 ±0 .2X25.4 ±0.2 cm
(nominal B X 10 in).

7.1.2 Nominal exposed area: 406.5 cm* (63
in').

7.1.3. Material: Class fiber or other
relatively inert, nonhygroscopic material. (8)

7.1.4 Collection efficiency: 99 percent
minimum as measured by the OOP test
(ASTM-2986) for particles of 0.3 jim
diameter.

7.1.5 Recommended pressure drop range:42-54 mm Hg (5.6-7.2 kPa) at a flow rate of
1.5 std m'/min through the nominal exposedarea.

7.1.6 pW.eto lO. (11)
7.1.7 Integrity: 2.4 mg maximum weight

loss. ( I t ]
7.1.8 Pinholes: None.
7.1.9 Tear strength: 500 g minimum for 20

mm wide strip cut from filter in weakest
dimension. (See ASTM Test D8Z8-60).

7.1.10 Brittleness: No cracks or material
separations after single lengthwise crease.

7.2 Sampler. The air sampler shall
provide means for drawing the air sample,
via reduced pressure, through the filter at a
uniform face velocity.

7.2.1 The sampler shall have suitable
means to:

a. Hold and seal the filter to the samplerhousing.
b. Allow the filter to be changed

conveniently.
c. Preclude leaks that would cause error in

the measurement of the air volume passing
through the filter.d. (t) Manually adjust the flow rate to
accommodate variations in filter pressure
drop and site line voltage and altitude. The
adjustment may be accomplished by an
automatic flow controller or by a manual
flow adjustment device. Any manualadjustment device must be designed with
positive detents or other means to avoidunintentional changes in the setting.

7.2.2 Minimum sample flow rate, heavily
loaded filter: 1.1 m'/min (39 ft'/min)."

7.2.3 Maximum sample flow rate, clean
filter 1.7 m'/min (60 ft'/min)."

7.2.4 Blower Motor The motor must be
capable of continuous operation for 24-hr
periods.

7.3 Sampler shelter.

(T) See note at beginning of Section 7.
" These specifications are in actual air volume

units: to convert to EPA standard air volume units,
multiply the specifications by (P./P l t,](298/T| where
P, and T are the barometric pressure in mm Hg [or
kPa) and the temperature in K at the sampler, and
PM is 760 mm Hg (or 101 kPa).
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7.3.1 The sampler shelter shall:
a. Maintain the filter in a horizontal

position at least 1 m above the samplersupporting surface so that sample air is
drawn downward through the filter.

b. Be rectangular in shape with a gabled
roof, similar to the design shown in Figure 1.
c. Cover and protect the filter and sampler

from precipitation and other weather.
d. Discharge exhaust air at least 40 cm from

the sample air inlet.
e. Be designed to minimize the collection of

dust from the supporting surface by
incorporating a baffle between the exhaust
outlet and the supporting surface.

7.3.2 The sampler cover or roof shall
overhang the sampler housing somewhat, as
shown in Figure 1. and shall be mounted so
as to form an air inlet gap between the cover
and the sampler housing walls. 'This
sample air inlet should be approximately
uniform on all sides of the sampler. 'The
area of the sample air inlet must be sized to
provide an effective particle capture air
velocity of between 20 and 35 cm/ sec at the
recommended operational flow rate. Thecapture velocity is the sample air flow rate
divided by the inlet area measured in ahorizontal plane at the lower edge of the
cover. 'Ideally, the inlet area and
operational Dow rate should be selected toobtain a capture air velocity of 25 ±2 cm/sec.

7.4 Flow rate measurement devices.
7.4.1 The sampler shall incorporate a flow

rate measurement device capable of
indicating the total sampler flow rate. Two
common types of flow indicators covered in
the calibration procedure are (1) an electronicmass Rowmeter and (2) an orifice or orifices
located in the sample air stream together
with a suitable pressure indicator such as a
manometer, or aneroid pressure gauge. A
pressure recorder may be used with an orifice
to provide a continuous record of the flow.Other types of flow indicators (including
rotameters) having comparable precision and
accuracy are also acceptable.7.4.2 * The flow rate measurement device
must be capable of being calibrated and read
in units corresponding to a flow rate which is
readable to the nearest 0.02 std m]/min over
the range 1.0 to 1.6 std m'/min.

7.5 Thermometer, to indicate the
approximate air temperature at the flow rate
measurement orifice, when temperature
corrections are used.

7.5.1 Range: -40' to ±50' C (223-323 K).
7.5.2 Resolution: Z' C (2 K).
7.6 Barometer, to indicate barometric

pressure at the flow rate measurement
orifice, when pressure corrections are used.

7.6.1 Range: 500 to 800 mm Hg (66-106
kPa).

7.6.2 Resolution: ±5 mm Hg (0.67 kPa).
7.7 Timing/control device.

7.7.1 The timing device must be capable
of starting end stopping the sampler to obtain
an elapsed run-time of 24 hr ±1 hr (1.440 ±60
tain).

7.7.2 Accuracy of time setting: ±30 min,
or better. (See Section 6.8).

7.8 Flow rate transfer standard, traceable
to a primary standard. (See Section 9.2).

7.8.1 Approximate range: 1.0 to 1.8 m'/
min.

7.8.2 Resolution: 0.02 m'/min.
7.8.3 Reproducibility: ±2 percent (2 times

coefficient of variation) over normal ranges
of ambient temperature and pressure for the
stated flow rate range. (See Reference 2,
Section 2.)

7.8.4 Maximum pressure drop at 1.7 std
mVmin: 50 cm H,O (5 kPa).

7.8.5 The flow rate transfer standard must
connect without leaks to the inlet of the
sampler and measure the flow rate of the
total air sample.

7.8.6 The flow rate transfer standard must
include a means to vary the sampler flow rate
over the range of 1.0 to 1.8 mj/min (35-64 ft3/
min) by introducing various levels of flow
resistance between the sampler and the
transfer standard inlet

7.8.7 The Conventional type of flow
transfer standard consists of: An orifice unit
with adapter that connects to the inlet of the
sampler, a manometer or other device to
measure orifice pressure drop, a means to
vary the flow through the sampler unit, a
thermometer to measure the ambient
temperature, and a barometer to measure
ambient pressure. Two such devices are
shown in Figures 2a and 2b. Figure 2a shows
multiple fixed resistance plates, which
necessitate disassembly of the unit each time
the flow resistance is changed. A preferable
design, illustrated in Figure 2b. has a variable
flow restriction that can be adjusted
externally without disassembly of the unit.
Use of conventional, orifice-type transfer
standard is assumed in the calibration
procedure (Section 9). However, the use of
other types of transfer standards meeting the
above specifications, such as rFfe one shown
in Figure 2c. may be approved; see the note
following Section 9.1.

7.9 Filter conditioning environment
7.9.1 Controlled temperature: between 15"

and 30* C with less than ± 3' C variation
during equilibration period.
[Corrected by 48 FR 1 7 3 5 5 , April 22.
1983 ]

7.9.2 Controlled humidity: Less than 50
percent relative humidity, constant within ±5
percent

7.10 Analytical balance.
7.10.1 Sensitivity: 0.1 mg.
7.10.2 Weighing chamber designed to

accept an unfolded 20 3 x 25.4 cm (8 x 10 in)
filter.

7.11 Area light source, similar to X-ray
Dim viewer, to backlight Tiller* for visual
inspection.

7.12 Numbering device, capable of
printing identification numbers on the fillers
before they are placed in the filter
conditioning environment, if not numbered by
the supplier.

8.0 Procedure.
(See References 1 and 2 for quality

assurance information.)
8.1 Number each filter, if not already

numbered, near its edge with a unique
identification number.

8.2 Backlight each filter and inspect for
pinholes. particles, and other imperfections:
filters with visible imperfections must not beused.

8.3 Equilibrate each filler in the
conditioning environment for at least 24-hr.

8.4 Following equilibration, weigh each
filter to the nearest milligram and record this
tare weight (W,) with the filter identification
number.

8.5 Do not bend or fold the filter before
collection of the sample.

8.6 Open the shelter and install a
numbered, preweighted filter in the sampler,
following the sampler manufacturer's
instructions. During inclement weather,
precautions must be taken while changing
filters to prevent damage to the clean filter
and loss of sample from or damage to the
exposed filter. Filter cassettes that can beloaded and unloaded in the laboratory
may be used to minimize this problem
(See Section 6.6).
[Corrected by 48 FR 17355, April 22,
1983 ]

8.7 Close the shelter and run the sampler
for at least 5 min to establish run-temperature
conditions.

8.8 Record the flow indicator reading and,
if needed, the barometric pressure (P 3) andthe ambient temperature (T,) see NOTE
following step 8.12). Stop the sampler.
Determine the sampler flow rate (see Section
101): if it is outside the acceptable range (1.1
to 1.7 m'/min [39-60 ft'/min]). use a different
filter, or adjust the sampler flow rate.
Warning: Substantial flow adjustments may
dTect the calibration of the orifice-typu flow
Indicators and may necessitate re-calibration.

8.9 Record the sampler identification
information (filter number, site location or
identification number, sample date, and
starting lime).

810 Set the timer to start and stop
ihu sampler such that the sampler runs 24-
hrs, from midnight to midnight (local time).

[Corrected by 48 FR 17355 , April 22.
I 983 |

|t) See note si beginning of Section 7.
" These ipecificaliona are in actual air volume

unite to convert to EPA standard air volume units,
multiply the specifications by (PJP««)U98/T) where
P, and T are the barometric pressure in mm Hg (or
kPa) and the temperature in K at the i<imp!er. and
P..J is 7bO mm Hg (or 101 kPa).
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8.11 A* soon as practical following the

sampling period, run the sampler for at least 5
min to again establish run-temperature
conditions.

8.12 Record the flow Indicator reading
and, if needed, the barometric Pressure (P i]
and the ambient temperature (T,).
Note.—No onsite pressure or temperature

measurements are necessary if the sampler
flow indicator does not require pressure or
temperature corrections (e.g., a massfloWmeterJ-or if average barometric pressure
and seasonal average temperature for the tit*
are incorporated into the sampler calibration
(see step 9.3.9). For individual BEBMure and
temperature correction*, the ambientpressure and temperature can be obtained by
onsite measurements or from a nearby
weather station. Barometric pressure
readings obtained from airports must be
station pressure, not corrected to sea level,and may need to be corrected for differences
in elevation between the sampler site and the
airport. For samplers having flow recorders
but not constant flow controllers, the average
temperature and pressure at the site during
the sampling period should be estimated from
weather bureau or other available data.

8.13 Stop the sampler and carefullyremove the filter, following the sampler
manufacturer's instructions. Touch only the
outer edges of the filter. See the precautionsin step 8.6.

8.14 Fold the filter in half lengthwise so
that only surfaces with collected particulate
matter are in contact and place it in the filter
holder (glassine envelope or manila folder).

8.15 Record the ending time or elapsed
time on the filter information record, either
from the stop set-point time, from an elapsed
time indicator, or from a continuous flowrecord. The sample period must be 1,440 ± 60
min. for a valid sample.

8.18 Record on the filter informationrecord any other factors, such as
meteorological conditions, construction
activity, fires or dust storms, etc.. that mighi
be pertinent to the measurement. If thesample is known to be defective, void it at
this rime.

8.17 Equilibrate the exposed filter m tne
conditioning environment for at least 24-hrs.

8.18 Immediately after equilibration,
re weigh the filter to the nearest milligram and
record the gross weight with the filter
identification number. See Section 10 for TSP
concentration calculations.

9.0 Calibration.
9.1 Calibration of the high volume

sampler's flow indicating or control device is
necessary to establish traceability of the field
measurement to a primary standard via a
flow rate transfer standard. Figure 3a
illustrates the certification of the flow rate
transfer standard and Figure 3b illustrates its
use in calibrating a sampler flow indicator.
Determination of the corrected flow rate from
the sampler flow indicator, illustrated in
Figure 3c. is addressed in Section 10.1

Note.—The following calibration procedure
applies to a conventional orifice-type flow
transfer standard and an orifice-type flow
indicator in the sampler (the most commontypes). For samplers using a pressurerecorder having a square-root scale, 3 other
acceptable calibration procedures are
provided in Reference 12. Other types of
transfer standards may be used if the
manufacturer or user provides an
appropriately modified calibration procedure
that has been approved by EPA under
Section 2.8 of Appendix C to Part 58 of ihis
chapter.

9.2 Certification of the flow rate transfer
standard.

9.2.1 Equipment required: Positive
displacement standard volume meter
traceable to the National Bureau of
Standards (such as a Roots meter or
equivalent), stop-watch, manometer,
thermometer, and barometer.

9.2.2 Connect the flow rate transfer
standard to the inlet of the standard volume
meter. Connect the manometer to measure
the pressure at the inlet of the standard
volume meter. Connect the orifice manometer
to the pressure tap on the transfer standard.
Connect a high-volume air pump (such as a
high-volume sampler blower) to the outlet
side of the standard volume meter. See Figure
3a.

9.2.3 Check for leaks by temporarily
clamping both manometer lines (to avoid
fluid loss) and blocking the orifice with a
large-diameter rubber stopper, wide
cellophane tape, or other suitable means.
Start the high-volume air pump and note any
change in the standard volume meter reading.
The reading should remain constant. If the
reading changes, locate any leaks by listening
for a whistling sound and/or retightening all
connections, making sure that all gaskets are
properly installed.

9.2.4 After satisfactorily completing the
leak check as described above, unclamp both
manometer lines and zero both manometers.

9.2.5 Achieve the appropriate flow rate
through the system, either by means of the
variable flow resistence in the transfer
standard or by varying the voltage to the air
pump. (Use of resistance plates as shown in
Figure la is discouraged because the above
leak check must be repeated each time a new
resistance plate is installed.) At least five
different but constant flow rates, even
distributed, with at least three in the
specified flow rate interval (1.1 to 1.7 mVmin
[39-60 ft Vmin]), are required.

9.2.8 Measure and record the certification
data on a form similar to the one illustrated
in Figure 4 according to the following steps.

9.2.7 Observe the barometric pressure
and record as Pi (item 8 in Figure 4).

9.2.8 Read the ambient temperature in the
vicinity of the standard volume meter and
record it as T, (item 9 in Figure 4).

9.2.9 Start the blower motor, adjust the
flow, and allow the system to run for at least
1 min for a constant motor speed to be
attained.

9.2.10 Observe the standard volume meter
reading and simultaneously start a
stopwatch. Record the initial meter reading
(V,j in column 1 of Figure 4.

9.2.11 Maintain this constant flow rate
until at least 3 m1 of air have passed through
the standard volume meter. Record the
standard volume meter inlet pressure
manometer reading as iP (column 5 in Figure
4), and the orifice manometer reading as AH
(column 7 in Figure 4). Be sure to indicate the
correct units of measurement.

9.2.12 After at least 3 m1 of air have
passed through the system, observe the
standard volume meter reading while
simultaneously stopping the stopwatch.
Record the final meter reading (V() in column
2 and the elapsed time (t) in column 3 of
Figure 4.

9.2.13 Calculate the volume measured by
the standard volume meter at meter
conditions of temperature and pressures as
Vm = V,— V,. Record in column 4 of Figure 4.

9.2.14 Correct this volume to standard
volume (std m1) as follows:

where:
V«i= standard volume, std m*
Va= actual volume measured by the standardvolume meter
Pt = barometric pressure during calibration.

mm Hg or kPa:
AP=differential pressure at inlet to volume

meter, mm Hg or kPa:
P«d=760 mm Hg or 101 kPa:
TMd=298K;
Ti= ambient temperature during calibration.K.
Calculate the standard flow rate (sld m'/min)

as follows:

t
where:
Q«j = standard volumetric flow rate, std m3/

min
t = elapsed time, minutes.

Record Q.UI to the nearest 0.01 std mVmin
in column 6 of Figure 4.

9.2.15 Repeat steps 9.2.9 through 9.2.14 for
at least four additional constant flow rates,
evenly spaced over the approximate range of
1.0 to 1.8 std m'/min (35-64 ft'/min).

9.2.16 For each flow, compute

(column 7a of Figure 4) and plot these value
against Q,,d as shown in Figure 3a. Be sure to
use consistent units (mm Hg or kPa) for
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barometric pressure. Draw the orifice transfer
standard certification curve or calculate the
linear least squares slope (m) and intercept
(b) of the certification curve:
ViH (P,/P.«)(298/T,)

= mQ.M-f-b. See Figures 3 and 4. A
certification graph should be readable to 0.02
std m'/min.

9.2.17 Recalibrate the transfer standard
annually or as required by applicable quality
control procedures. (See Reference 2.)

9.3 Calibration of sampler flow indicator,
Note.—For samplers equipped with a flow

controlling device, the flow controller must
be disabled to allow flow changes during
calibration of the sampler's flow indicator, or
the alternate calibration of the flow controller
given in 9.4 may be used. For samplers using
an orifice-type flow indicator downstream of
the motor, do not vary the flow rate by
adjusting the voltage or power supplied to the
sampler.

9.3.1 A form similar to the one illustrated
in Figure 5 should be used to record the
calibration data.
. 9.3.2 Connect the transfer standard to the
inlet of the sampler. Connect the orifice
manometer to the orifice pressure tap. as
illustrated in Figure 3b. Make sure there are
no leaks between the orifice unit and the
sampler.

9.3.3 . Operate the sampler for at least 5
minutes to establish thermal equilibrium prior
to the calibration.

9.3.4 Measure and record the ambient
temperature. Ti. and the barometric pressure.
Pi, during calibration.

9.3.5 Adjust the variable resistance or. if
applicable, insert the appropriate resistance
plate (or no plate) to achieve the desired flow
rate.9.3.6 Let the sampler run for at least 2 rain
to re-establish the run-temperature
conditions. Read and record the pressure
drop across the orifice (AH] and the sampler

flow rate indication (I) in the appropriate
column* of Figure 5.

9.3.7 Calculate VAH(P,/Pttd)(i298/t,) anddetermine the flow rate at standard
conditions (Q«a) either graphically from the
certification curve or by calculating QM from
the least square slope and intercept of the
transfer standard's transposed certification
curve: Q,u = l/m ViH(PtfP^}(Z96/T,) - b.
Record the value of Q,u on Figure 5.
[Corrected by 48 FR 17355, April 22,1983]

9.3.8 Repeat steps 9.3.S, 9.3.6, and 9.3.7 for
several additional-flow rates distributed over
a range that includes 1.1 to 1.7 std m'/min.

9.3.9 Determine the calibration curve by
plotting values of the appropriate expression
involving 1. selected from Table 1, against
Q.M. The choice of expression from Table 1
depends on the flow rate measurement
device used (see Section 7.4.1) and also on
whether the calibration curve is to
incorporate geographic average barometric
pressure.!?.) and seasonal average
temperature (T.) for the site to approximateactual pressure and temperature. Where P.
and T. can be determined for a site for a
seasonal period such that the actual
barometric pressure and temperature at the
site do not vary by more than ±60 mm Hg (8
kPa) from P. or ±15* C from T., respectively,
then using P. and T. avoids the need for
subsequent pressure and temperature
calculation when the sampler is used. The
geographic average barometric pressure (PJ
may be estimated from an altitude-pressure
table or by making an (approximate)
elevation correction of -26 mm Hg (—3.48
kPa) for each 305 m (1.000 ft) above sea level
(760 mm Hg or 101 kPa). The seasonal
average temperature (T.) may be estimated
from weather station or other records. Besure to use consistent units (mm Hg or kHa)
for barometric pressure.[Corrected by 48 FR 17355. April 22.
1983]9.3.10 Draw the sampler calibration curve
or calculate the linear least squares slope

(m). Intercept (b). and correlation coefficient
of the calibration curve: (Expression from
Table 1|= mQ,w+b. See Figures 3 and 5.
Calibration curves should be readable to 0.02std ra'/min.

9.3.11 For a sampler equipped with a flow
controller, the flow controlling mechanism
shoujd_be re^tnabled and set to a flow near
the lower flow limit to allow maximum
control range. The sample flow rate should be
verified at this time with a clean filter
installed. Then add two or more filters to the
sampler to see if the flow controller
maintains a constant flow: this is particularly
important at high altitudes where the range of
the flow controller may be reduced.

9.4 Alternate calibration of flow-
controlled samplers. A flow-controlled
sampler may be calibrated solely at its
controlled flow rate, provided that previous
operating history of the sampler
demonstrates that the flow rale is stable and
reliable. In this case, the flow indicator may
remain uncalibrated but should be used to
indicate any relative change between initial
and final flows, and the sampler should be
recalibrated more often to minimize potential
loss of samples because of controller
malfunction.

9.4.1 Set the flow controller for a flow
near the lower limit of the flow range to
allow maximum control range.

9.4.2 Install a clean filter in the sampler
and carry out steps 9.3.2, 9.3.3, 9.3.4,9.3.6. and
9.3.7.

9.4.3 Following calibration, add one or
two additional clean filters to the sampler,
reconnect the transfer standard, and operate
the sampler to verify that the controller
maintains the same calibrated flow rate; this
is particularly important at high altitudes
where the flow control range may be
reduced.
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TABLE 1. EXPRESSIONS FOR PLOTTING
SAMPLER CALIBRATION CURVES

Expression
Type of sampler For actual pressure For Incorporation offlow rate measuring and temperature geographic average pressure and

_____device _________corrections______seasonal average temperature
Mass f lowmeter_______ I • I
Orifice and J/etsure
indicator

Rotameter, or orifice and
pressure recorder having
square root scale*

*This scale is recognizable by hs nonuniform divisions and is the men commonly
available for high-volume samplers.

TABLE 2. EXPRESSIONS FOR DETERMINING FLOW RATE
___________DURING SAMPLER OPERATION___________

Expression
For use when geographicaverage pressure and seasonalType of sampler For actual pressure average temperature haveflow rate measuring end temperature been Incorporated into.____device__________corrections_______the sampler calibration

Mass flowmeter_______ I I
Orifice and pressure
indicator

Rotameter. or orifice and
pressure recorder having
square root scale*

'This scale is recognizable by its nonuniform divisions and is the most commonly
evailable for high-volume samplers.
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0 Ccic:ilctionsofTSrCoi'(.crlralion
\ Determine the average s,\nipltT flow
r!>n: :3 (he sampling period according lo
, ' ;•; 1 1 or 10.1 .2 below
- : ! (•'>"- a sampler wi thout a continuous
r (f . c :dcr determine thp appropriate

-v-v; in lo be used from Table 2
;>si i i ind:r!< j to the one from Table 1 used in
- 9 3 9 Using (his appropriate expression.
-;mre Q,n for the initial flow rate from
i.impier cal-.bration curve, e ither
r.i i :X!y or from the (ransposed regression

. • t ' o n

i \|)[iropri.i!« expression from Table 2 | -b )

-: i laf l > . determine QMt from the final flow
• id .ns . and calculate the average flow QIU1-. one-half the sum of the initial and final
r.\ rat^s.
10 . 1 .2 For a sampler with a continuous
:•»• recorder, determine the average flow
•f dev>ce reading. I. for the period.
=-:rrmme the appropriate expression from

"-ible 2 corresponding to the-one from Table
: jsed in step 9.3.9. Then using this
- vpress ipn and the average flow rate reading.
- • ' • t rm ine Qud from the sampler calibration

rve. either graphically ot from the
-aiisposed regression equation:

1 1 Appropriate expression from Table 2|-b|
If the trace shows substantial flow change

ruling the sampling period, greater accuracy
-.ay be achieved by dividing the sampling
.-» nod into intervals and calculating an
. - erage reading before determining Q,ld.10.2 Calculate the total air volume
sampled as:

^ = total air volume sampled, in standard
volume units, std m1/:

Q. ia = average standard flow rate, std m'/min:
t = sampling time. min.
Corrected by 48 FR 17355, April 22,

1 9 8 3 J
10.3 Calculate and report the particulale

-ratter concentration as:
TSP =

here:

TSP = mass concentration of total suspended
particulale matter, ng/std m'':

W. - initial weight of clean filter, g:
W, = final weight of exposed filler, g:
V =air volume sampled, converted to

standard conditions, std m*.
I0* = conversion of g to fig.

10.4 If desired, the actual particulale
matter concentration (see Section 2.2| can be
calculated as follows:
(TSPI.-TSP(P ]/P,, ( I)(298/T,)
where:
(TSP|4 = actual concentration at fieldconditions. ng/m':
TSP = concentration at standard conditions.

Hg/std m':
Pa = average barometric pressure during

sampling period, mm Hg:
Plld = 760 mn Hg (or 101 kPa):
Tj = average ambient temperature during

sampling period. K.
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ORIFICE TYPE FLOW
TRANSFER STANDARDS

NONORIFICE TYPE FLOW
TRANSFER STANDARD Soom

m
o>
3)5co•
OZ

aui
zo

oo
oo<J

13D8
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ORIFICE AND

FLANGE PLATE
TO CHANGE

FLOW
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FLOW ADJUSTMENT

CONTINUOUS
FLOW ADJUSTMENT

MANOMETER lANOMETER

la. ORIFICE UNIT USING FIXED
RESISTANCE PLATES.

•o

Zk. PREFERABLE ORIFICE UNIT WITH
EXTERNALLY ADJUSTABLE

RESISTANCE.

FLOW
INDICATOR

2c. ELECTRONIC FLOWMETER WITH EXTERNALLY
ADJUSTABLE RESISTANCE.

Figure 2. Various types of flow transfer standards. Note that all devices are designed
to mount to the filter inlet area of the sampler.
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torkng and Support Laboratory, RcsesrcbTriangle Park. North Curolln* 97711).
[References 14 and 15 added by 48 FR
2529, January 20, 1983 ]
14. A Procedure for Establishing Traceability

of Gas Mixtures to Certain National
Bureau of Standards Standard Reference
Materials. EPA-600/7-81-010. Joint
publication by NBS and EPA. Available
from the US. Environmental Protection

Agency. Environmental Monitoring
Systems I-aboratory (MD-77). Research
Triangle Park. North Carolina 27711. May1981.

15. Quality Assurance Handbook For Air
Po'.lution Measurement Systems. Volurre
II. Ambient Air Specific Methods. The
U.S. Environmental Protection Agency.
Environmental Monitoring Systems
Laboratory. Research Triangle Park.
North Carolina 27711 . Publication No.
EAP-600/4-77-027a.
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APPENDIX G—RETTHENCX METHOD FOR THS
DETTRMUf ATION OF LEAD IN SUSPENDED PARTicuLATi MATTER COLLECTED PROM AMBI-ENT AIR
1. Principle and applicability.
1.1 Ambient air suspended paniculate

matter is collected on a glass-fiber filter for
24 hours using a high volume air sampler.

The analysis of the 24-hour samples may beperformed for either individual samples or
composites of the samples collected over acalendar month or quarter, provided thatthe compositing procedure has been approved
in accordance with section 2.8 of Appendix Cto Part 58 of this chapter — Modifications
of method* by users (Guidance or as-sistance in requesting approval under Section

2.8 can be obtained from the address given insection 2.7 of Appendix C to Part 58 of thischapter.)
(Section 1.1 amended by 46 FR 44163 .September 3, 198 1 |

1.2 Lead in the paniculate matter is sclu-
bilized by extraction with nitric icid
(HNOi). facilitated by heat or by a mixture

3-25-83
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of HNO, and hydrochloric add <HC1> facili-
tated by ultrasonication.1.3 The lead content of the sample laanalyzed by atomic absorption spectrometryusing an air-acetylene name, the 283.3 or217.0 nm lead absorption line, and the opti-mum instrumental conditions recommendedby the manufacturer.1.4 The ultrasonication extraction withHNO./HCI will extract metals other thanlead from ambient paniculate matter.

2. Range, sensitivity, and lower detectable
limit. The values given below are typical ofthe methods capabilities. Absolute values
will vary for individual situations dependingon the type of instrument used, the leadline, and operating conditions.2.1 Range. The typical range of the
method is 0.07 to 7.5 ne Pb/mJ assuming an
upper linear range of analysis of 15 fig/mland an air volume of 2.400 mj.2.2 Sensitivity. Typical sensitivities for a1 percent change in absorption (0.0044 ab-
sorbance units-) are 0.2 and 0.5 n8 Pb/ml forthe 217 .0 and 283.3 nm lines, respectively.2.3 Lower detectable limit (LDL). A typi-
cal LDL is 0.07 |ig Pb/m1. The above valuewas calculated by doubling the between-lab-oratory standard deviation obtained for the
lowest measurable lead concentration in acollaborative test of the method.i.15) An airvolume of 2.400 m1 was assumed.

3. Interference*. Two types of interfer-
ence.; are possible: chemical and light scat-
tering.3.1 Chemical. Reports on the absence 11.2. 3. 4, 5) of chemical in'erferences farOJtweigh those reporting their presence. «)therefore, no correction for chemical Inter-ferences is given here. If the analyst sus-pec'.s that the sample matrix.is causing a< hvmical interference, the interference can
l»- v trified and corrected for by carrying out:ne analysis with and without the method
' •f standard additional7)a 2 Light scattering. Ncnatomic absorp-
tio.: or light scattering, produced by hifrhconcentrations of dissolved solids in thesarnpie. can produce a significant Interfer-
ence, especially at low lead concentrations.• -'i 1 i.e interference is greater at the 217.0
cm line than at the 283.3 nm Lne. No Inter-ference was observed using the 283.3 nmline * ith a similar mtthod.C/)Light scattering interferences can. howev-• r. be corrected for instrumentally. Since
ihe dissolved solids can vary depending onthe ongjn of the sample, the correction maybe necessary, especially when usins the217.0 nm line. Dual beam instruments with
a con,.;iuum source give the most accurate
corrfct:tn A less accurate correction can beobtained by using a nonabsorbing lead linethat is r.rsr the lead analytical line. Infor-mation on use of these correction tech-
niques ''an bt obtained from instrumentmanufacturers' manuals.
If instrumental correction is not feasible,

tr-.* interference can bf eliminated by use of
the ammonium pvrrolid.necarbodithioate-
methyli iobMtyl ketone. chelation-solvent ex-
traction technique of iample preparation.(S)

4. /'rfctjion and bias.
4.1 The high-voljrne sampling procedureused to collect ambient air participatematter has a between-laboratory relativestandard deviation of 3.7 percent over therange 80 to 125 i»«'m'.<9> The combined ex-traction-analysis procedure has an average

Aithin-Iahoratory relative standard devi-
,'ion of 5 to 6 percent oier the range 1.5 to
15 ,ig Pb/ml. and an average between labo-

ratory relative standard deviation of 7 to 9percent over the same range. These valuesinclude use of either extraction procedure.4.2 Single laboratory experiments andcollaborative testing indicate that there isno significant difference In lead recovery be-tween the hot and ultrasonic extraction pro-cedures.US)5. Apparatus.5.1 Sampling.3.1.1 High-volume sampler. Use and cali-brate the sampler as described in reference10.5.2 Analysis.5.2.1 Atomic absorption spectrophoro-meter. Equipped with lead hollow cathodeor electrodeless discharge lamp.5.2.1.1 Acetylene. The grade recommend-ed by the Instrument manufacturer shouldbe used. Change cylinder when pressuredrops below 50-100 psig.3.2.1.2 Air. Filtered to remove panicu-late, oil. and water.
5.2.2 Glassware. Class A borosilicateglassware should be used throughout theanalysis.
5.2.2.1 Bearers 30 and 150 ml. graduated,Pyrex.
5.2.2.2 Volumetric flasks. 100-ml.5.2.2.3 Pipettes. To deliver 50. 30. 15. 8. 4.2. 1 ml.3.2.2.4 Cleaning. All glassware should bescrupulously cleaned. The following proce-dure is suggested. Wash with laboratory de-tergent, rinse, soak for 4 hours in 20 percent(wvw) H-NOi. ruibe 3 times with distilled-deionized water, and dry in a dust freemanner.5.2.3 Hot plate.5.2.4. Ultrasonicalion water bath, un-heated. Commercially available laboratoryultrasonic cleaning baths of 450 watts orhigher "cleaning power." i.e.. actual ultra-sonic power output to the balh have beenfound satisfactory.5.2.5 Template. To aid in sectioning theglass-fiber filter. See figure 1 for dimen-sions.
5.2.6 Pizza cutter. Thin wheel. Thickness<lmm.
5 2.7 Watch glass.5.2.8 Polyethylene bottles. For storage ofsamples. Linear polyethylene gives belterstorage stability than otiier polyethylenesand is preferred.
5.2.9 Parafilm "M".* American Can Co..Marathon Products, Nennah, Wis.. or equiv-alent.6. Reagent*.
A.I Sampling.6.I.I Class fiber filters. The specifica-tions given below ire intended to aid theuser in obtaining high quality filters withreproducible properties. These specifica-tions have been met by EPA contractors.6.1 . 1 . 1 Lead content. The absolute leadcontent of filters is not critical, but lowvalues are. of course, desirable. EPA typical-ly obtains filters with a lead content of <7S

Mg/ filter.
It is important that the variation in leadcontent from filter to filter, witmn a givenbatch, be small.
6.1 . 1 .2 Testing.6 . 1 . 1 .2 . 1 For large batches of Mter.-,( >500 filters) select at nmdom 20 to 30 fil-

lers from a given batch. For small batches( <500 filters) a lesser number of filters maybe taken. Cut one Vx8 strip from each

filter anywhere In the filter. Analyze all
strips, separately, according to the direc-tions In sections 7 and 8.

6.1.1 .2.2 Calculate the total lead in eachfilter as

100 ml LLstrips-9
where:
P. » Amount of lead per 72 square inches offilter, i»g.
6.1.1.2.3 Calculate the mean. F_ of thevalues and the relative standard deviation

(standard deviation/mean x 100). If the rel-ative standard deviation is high enough so
that, in the analysts opinion, subtraction ofF*. (section 10.3) may result in a significanterror in the fig Pb/m1 the batch should berejected.

6.1.1 .2.4 For acceptable batches, use thevalue of F. to correct all lead analyses (sec-
tion 10.3) of paniculate matter collectedusing that batch of filters. If the analyses
are below the LDL (section 2.3 > no correc-tion is necessary.

6.2 Analysis.
6.2.1 Concentrated ( 15 .6 Af) HNO,. ACSreagent grade HNO, and commercially avail-

able redistilled HNO, has found to have suf-ficiently low lead concentrations.
6.2.2 Concentrated ( 1 1 .7 at HCI. ACSreagent grade.
6.2.3 Distilled d.- ionized water. (D.I.water).
6.2.4 3 M HNO,. This solution is used in

the hot extraction procedure. To prepare.add 192 ml of concentrated HNO, to D.Lwater in a 1 / volumetric flask. Shake well.
cool, and dilute to volume with D.I. water.Caution.' Nitric acid fun;es are toxic. Pre-pare in a well ventilated fume hood.

6.2.5 0.45 M HNO, This solution is used
as the matrix for calibration standardswhen using the hot extraction procedure.To prepare, add 29 ral of concentrated
HNO, to D.I. wator in a 1 I volumetric flask.Shak* well. cool, and dilute to volume withD.I. water.

8.2.6 2.6 M HNO. + O to 0.9 M HCI. Thissolution is used In the ultrasonic extractionprocedure. The concentration of HCI can be
varied from 0 to 0.9 St. Directions are givenfor preparation of a 2.6 M HNO, r 0.9 M HCIsolution. Place 167 nil of concentrated HNO,into a 1 I volumetric fla.sk. and add 77 ml ofconcentrated HCI. Stir 4 to 6 hours, dilute
to nearly 1 / with D.I. water, cool to roomtemperature, and dilute to 1 I.

6.2.7 0.40 M HNO, + X Af HCI. This solu
tion is used as the matrix for calibratijri
standards when using the ultra^cruc extrac-
tion procedure. To prepare. aJd 26 ml of
concentrated HNO, plus the ml of HCI re-
quired. to a 1 / volumetric flask. Dilute tonearly 1 / with D.I. water, cool to room fm-periture, and dilute to 1 t The amount of
HCI required can be deiermini-d from iru
following equation:

•Mention of commercial products doesnot imply endorsement by the U.S. Environ-
mental Protection Agency.

y = 77 ml x 0 . 1 5
0.9 M

[Appendix G]
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where:
y = ml of concentrated HC1 required. •
x = molarity of HC1 in 6.2.8.
0.15 = dilution factor in 7.2.2.

6.3.8 Lead nitrate. PtXNO.V ACS reagentgrade, purity 99.0 percent. Heat for 4 hoursat 120* C and cool In a desiccator.6.3 Calibration standards.'6.3.1 Master standard. 1000 fig Pb/ml in
HNO,. Dissolve 1.598 g of FbiNO,), In 0.45 MHNO, contained in a 1 ( volumetric flask
and dilute to volume with 0.45 M HNO,.

6.3.2 Master standard. 1000 jig Pb/ml In
HNO./HC1. Prepare as In 6.3.1 except usethe HNO./HC1 solution in 6.2.7.Store standards in a polyethylene bottle.
Commercially available certified lead stand-
ard solutions may also be used.

7. Procedure.7.1 Sampling. Collect samples for 24hours using the procedure described In ref-erence JO with glass-fiber filters meeting the
specifications in 6.1.1. Transport collected
samples to the laboratory taking care tominimize contamination and loss ofsample ( 16 ) .[7 . 1 corrected by 44 FR 37915, June 29, 1979]

7.2 Sample preparation.7.2.1 Hot extraction procedure.
7.2 . 1 . 1 Cut a 3/4" x 8" strip from the exposedfilter using a template and a pizza cutter asdescribed in Figures 1 and 2. Other cuttingprocedures may be used.Lead in ambient paniculate matter col-lected on glass fiber filters has been shownto be uniformly distributed across thefilter.'.1." Another study" has shown thatwhen sampling near a roadway, strip positioncontributes significantly to the overallvariability associated with lead analyses.Therefore, when sampling near a roadway,additional strips should be analyzed tominimize this variability.

[7 . 2 . 1 . 1 corrected by 44 FR 37915, June 29,
1979]

7.2.1 .2 Fold the strip in half twice andplace in a 150-ml beaker. Add 15 ml of 3 M
HNO, to cover the sample. The acid shouldcompletely cover the sample. Cover thebeaker with a watch glass.

7.2.1.3 Place beaker on the hot-plate,contained in a fume hood, and boil gently
for 30 min. Do not let the sample evaporateto dryness. Caution: Nitric acid fumes aretoxic.7.2.1.4 Remove beaker from not plateand cool to near room temperature.7.2. 1 .5 Quantitatively transfer thesample as follows:

7.2.1 .5.1 Rinse watch glass and sides ofbeaker with D.I. water.
7.2 . 1 .5 .2 Decant extract and rinsings Intoa 100-ml volumetric flask.
7.2 . 1 . 5 .3 Add D.I. water to 40 ml mark on

beaker, cover with watch glass, and set asidefor a minimum of 30 minutes. This is a criti-cal step and cannot be omitted since it
allows the HNO, trapped in the filter to dif-
fuse into the rinse water.

7.2.1.5.4 Decani the water from the filterInto the volumetric ftrt
7.2.1.5.5 Rinse filter and beaker twicewith D.L water and add rinsings to volumet-

ric flask until total volume is 80 to 85 ml
7.2.1.5.6 Stopper flask and shake vigor-ously. Set aside for approximately 5 minutesor until foam has dissipated.
7.2.1.5.7 Bring solution to volume withD.I. water. Mix thcrcughly.
7.2.1.5.8 Allow solution to settle for onehour before proce^cir.g with analysis.
7.2.1.5.9 If sample is to be stored for sub-sequent analysis, transfer to a linear poly-

ethylene bottle.7.2.2 Ultrasonic extraction procedure.
7.2.2.1 Cut a \"x.8" strip from the ex-posed filter as descried in section 7.2.1. L
7.2.2.2 Fold the strip in hall twice andplace in a 30 ml t-e-aier. Add 15 ml of theHNO./EC1 solution in 6.2.6. The acid should

completely cover the sample. Cover thebeaker with paraT~T>.
The parafilm sh;uid be placed over thebeaker such that -o^e of the parafilm Is incontact with water in the ultrasonic bath.

Otherwise, rinsing cf the parafilm (section7.2.2.4.1) may cor.i&ninate the sample.
7.2.2.3 Place the beaker In the ultrasoni-

cation bath and o--*me for 30 minutes.
7.2.2.4 Quantiu^rely transfer the

sample as follows:
7.2.2.4.1 Rinse parafilm and sides ofbeaker with D.L fri-jsr.
7.2.2.4.2 Decant extract and rinsings intoa 100 ml volumetric fvsfc.
7.2.2.4.3 Add 20 nl D.t water to coverthe filter strip. CCT?T s-ith parafilm. and setaside for a minimi-— of 30 minutes. This is acritical step and cannot be omitted. Thesample Is then processed as in sections

7.2.1.5.4 through 7.2.1.5.9.
Nora.—Samples prepared by the hot ex-traction procedure are now in 0.45 M HNO,.Samples prepared :y the ultrasonicatlonprocedure are in O.tO if HNO, + X M HCl.8. Analysis.
8.1 Set the wav»>ngth of the monochro-mator at 283.3 cr 217.0 run. Set or alignother instrumental operating conditions asrecommended by the manufacturer.
8.2 The sample can be analyzed directlyfrom the volumetrj: flask, or an appropriateamount of sample decanted into a sampleanalysis tube. In s.—er case, care should betaken not to distur: vhe settled solids.
8.3 Aspirate v.—;ards and blanks (sec:and record the ec;-__
8.4 Determine '—-.Ht Pb/ml, from -_i2tton 9.3.
8.5 Samples tintbration range shculdthe same cor.cer.zra:standards and
9. Calibration.

calibration stand-
9.2) into the flameabsorbance.

lead concentration in
calibration curve, see-
exceed the linear cali-be diluted with acid of^on as the calibration

8.1 Working standard, 20 >i8 Pb/ml. Pre-pared by diluting 2.0 ml of the masterstandard (6.3.1 U the hot acid extractionwas used or 6.3.2 If the ultrasonic extractionprocedure was used) to 100 ml with acid ofthe same concentration as used in preparingthe master standard.
9.2 Calibration standards. Prepare dailyby diluting the working standard, with thesame acid matrix, as Indicated below. Otherlead concentrations may be used.

Volume of 20 Final volume. ConcentrationliC/ml working ml us Pb/ml

0
1.0
2.0
2.0
4.0
8.0

15.0
30.0
50.0

100.0

100
200
200
100
100
100
100
100
100
100

0
0.1
0.2
0.4o.a
1.6
3.0e.o

10.0
20.0

9.3 Preparation of calibration curve.Since the working range of analysis witlvary depending on which lead line is usedand the type of Instrument, no one set ofInstructions for preparation of a calibrationcurve can be given. Select standards (plusthe reagent blank), in the same acid concen-tration as the samples, to cover the linearabsorption range indicated by the instru-ment manufacturer. Measure the absor-
bance of the blank and standards as in sec-tion 8.0. Repeat until good agreement is ob-tained between replicates. Plot absorbaace(y-axls) versus concentration in »ig Pb, ml<x-axis). Draw (or compute) a straight linethrough the linear portion of the curve. Donot force the calibration curve throughzero. Other calibration procedures may boused.
To determine stability of the calibraticn

curve, remeasure—alternately—one of thefollowing calibration standards for e\cry
10th sample analyzed: concentration * UsPb/ml; concentration S 10 M« Pb/ml. ifeither standard deviates by more than 5 PC i -cent from the value predicted by the cal i-bration curve, recalibrate and repeat UK-
previous 10 analyses.

10. Calculation.
10. 1 Measured air volume. Calculate themeasured air volume at Standard Tempera-ture and Pressure as described in Reference10.

[ 10 . 1 corrected by 44 FR 37915. June 29,19791
102 Lead concentration. Calculate leadconcentration in the air sample.

( .4 l>0/nl « 100nl/ i tHp i 12 str ips/f i l t er ) -

'SIP

7-27-79
(Appendix G)
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where:
C=Concentration. nK Pb/snv1.Mg Pb/ml = Lead concentration determined

from section 8.100 ml/strip -= Total sample volume.
12 strips = Total usable filter area 8" x 9"filter = Total area of one strip 3/4 x 8"
F,=Lead concentration of blank filter. MB.

from section 6.1.1.2.3.
Vm-Air volume from 10.2.
f lO.2 corrected by 44 FR 37915, June 29.1979)
11. Quality control.
V," x 8" glass fiber filter strips containing

80 to 2009 fig Pb/strip (as lead salts) andblank strips with zero Pb content should beused to determine if the method—as being
used—has any bias. Quality control chartsshould be established to monitor differences
between measured and true values. The fre-
quency of such Thecks will depend on the
local quality control program.To minimize the possibility of generatingunreliable data, the user should follow prac-
tices established for assuring the quality ofair pollution data, (73) and take part inEPA's semiannual audit program for leadanalyses.12. Trouble shootiny.1. During extraction of lead by the hot ex-traction procedure, it is important to keepthe sample covered so that corrosion prod-ucts—formed on fume hood surfaces which
may contain lead—are not deposited in the
extract.2. The sample acid concentration shouldminimize corrosion of the nebulizer. Howev-er, different nebulizers may require lower
acid concentrations. Lower concentrationscan be used provided samples and standardshave the same acid concentration.3. Ashing of paniculate samples has been
found, by EPA and contractor laboratories.

to be unnecessary in lead analyses by atomic
absorption. Therefore, this step was omittedfrom the method.

4. Filtration of extracted samples, toremove particulate matter, was specificallyexcluded from sample preparation, becausesome analysts have observed losses of leaddue to filtration.
5. If suspended solids should clog the ne-bulizer during analysis of samples, centri-fuge the sample to remove the solids.13. Authority.
(Sees. 109 and 301(a) . Clean Air Act as

amended. (42 U.S.C. 7409. 7601<a» . )14. References.
1. Scott. D. R. et al. "Atomic Absorptionand Optical Emission Analysis of NASN At-

mospheric Particulate Samples for Lead."
Enoir. Sri. and Tech.. 10, 877-880 (1976).2. Skogcrboe. R. K. et al. "Monitoring for
Lead in the Environment." pp. 57-66. De-
partment of Chemistry. Colorado State Uni-versity. Port Collins. Colo. 80523. Submitted
to National Science Foundation for publica-tions. 1976.
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Measurement of Lead in Airborne Particu-lates." Inter. J. Environ. AnaL Chcm., 2, 63-
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6. Burnham. C. D. et al.. "Determinationof Lead in Airborne Particulates in Chicagoand Cook County. III. by Atomic Absorption
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7. "Proposed Recommended Practices forAtomic Absorption Spectrometry." ASTM

Book of Standards, part 30. pp. 159C-16C3(July 1973).
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11. Dubois, L.. et al.. "The Metal Content

of Urban Air." JAPCA. 16. 77-78 (1966).
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SCOPE OF ADDITIONAL SITE INVESTIGATIONS IN RESPONSE
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. ENGINEERS • CONSULTANTS • PLANNERS •

KUMAR MAL.HOTRA &• ASSOCIATES If
3000 East Belt Line N.E.
Grand Rapids. Michigan 49505
Telephone (616) 361-5092

June 24, 1985
(Revised July 3, 1985)

Mr. Rodney GaitherProject Coordinator (RPM) 5HE-12USEPA, Region V
230 S Dearborn StreetChicago, Illinois 60604
Re: Johns-Manville Waukegan Area RI/FS(Addit ional site investigations in response to Draft RI Review Comments)
Dear Mr. Gaither,

This letter is to confirm our discussions on the following two taskswhich involve additional site investigations. The data obtained through thesetasks will be used to prepare responses to some of your review comments (items3, 5 and 6 on page seven) on the draft RI report. These responses will besummarized in a technical memorandum and submitted for your review.
1. ANALYSIS OF COMMON INORGANIC ANIONS IN THE GROUND WATER.

As indicated by you, the purpose of the anion analysis of the groundwater is to correlate if possible the ground water movement directionsobtained by using temperature and elevations data with those obtained using
major anion levels. Therefore, anions which are normally present inrelatively large concentrations will be used to estimate ground water movementdirections at the site. We propose to use the following measurements for thispurpose.

ChloridesSulfatesTotal alkal inity including carbonatesSpecif ic conductanceNitrates Nitrogen
We propose to analyze the ground water and Lake Michigan shore watersamples for anions. The second set of samples which were col lected on April29 and 30, 1985 for asbestos analysis (as discussed in June, 1985 technical

memorandum No. M-I) will be used for the anion data. If desired a second setof samples wil l be col lectd for repeating the anion analysis .
The resu l ts obtained wi l l be used to plot ground water movement

d irect ions and compare with those obtained through the use of ground water
temperature and elevat ion data.



Mr. Rodney GaitherJune 24, 1985(Revised July 3, 1985)Page Two

2. ON-SITE LEAD CONCENTRATION IN AIR
According to my discussion with you on the details of air sampling and tomeet the intent of 40 CFR 50.12 on Ambient Air Lead concentrations, KMAproposes to sample air at nine locations (see attached figures 1 & 2 foron-site and off -site locations) on three different days, each for aperiod of 24 _+ hours. Air will be sampled according to the procedureoutlined in Appendix G referred to in 40 CFR 50.12. In addition aportable wind vane and anemometer wil l be used at each location to obtainwind direction and wind velocity. If 0.10 inch of precipitation or moreoccurred during any test run, then that test run will be repeated after awaiting period of at least 24 hours. Standard high volume air samplerswith glass-fiber filter will be used. The air volume will be between 39cfm (1.1 nr/min) and 60 cfm ( 1 .7 nr/min).
The air filter will be the standard recommended for total suspendedparticulate matter (TSP) which has 99% capture efficiency to retainparticles of 0.3 jum diameter at 1.5 nr/min air rate. Air temperature andpressure will also be recorded at each location. The air flow rate foreach sampler will be calibrated and recorded in a log book. The windvelocity and direction observations will be made three times during eachtest run. The sampling filters will be analyzed for lead using the USEPArecommended procedure. Blank filters and duplicates will be analyzed forquality control.
The field activities will be conducted during the week beginning July,29, 1985 and will be coordinated with you so that you could witness someof the field sampling activities. The study will be summarized in areport. Based on the results of previous personal air sampling andresults of remedial investigations, we propose to provide level D sitehealth and safety protection during field activities.
The results obtained from the above two tasks will be submitted in theform of a technical memorandum by the 15th of September, 1985.
Please feel free to contact me if you have any questions on any of theinformation included in this letter.

Sincerely yours,

S. K. Malhotra, Ph .D . , P .E .
cc: Mr. James Wh ipp l e , Johns-Manvi l l e
SKMrsa
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c APPENDIX M-2-B
1. COMMON INORGANIC ANIONS IN GROUND AND SURFACE WATERS

2. APRIL 20, 1973 GROUND WATER SAMPLE ANALYSIS IN THE
VICINITY OF THE OOHNS-MANVILLE DISPOSAL AREA
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1 EDWARD PRElN P E..
'HOMAS NEWHOF P E

PREIN & NEWHOF, P.O.
ENGINEERS — SURVEYORS
ENVIRONMENTAL. & SOILS LABORATORIES
3000 EAST BELT LINE N.E . . GRAND RAPIDS. MICHIGAN 49505
285 JAMES STREET, SUITE E, HOLLAND, MICHIGAN 49423

W1LSUN D McOUEfc'N P.E.
LARRY D. WILSON P E.
MICHAEL S. FULLER P.E
PHILIP C. GLUPKEH P.E.
JAMES A COOK P.E.
ROBERT J. VANDER MALE P.E .
ROBERTJ REIMINK P .E .
ARTHUR W. BRINTNALL H.L.S.
REX A. WILLIflON H.L .S .

Dr. Kunar Malhotra
Kf-'A Assoc ia te s
3000 East Belt l ine MEGrand Rapids, Michigan 49505
Re: Jchns-Manvi l l e Samples , received in lab 6/24/85

LABORATORY RESULTS

TELEPHONE (616) 364-849',
TELEPHONE (616) 399-9213

July 15, 193585126

^"

Sample
1, 4/28/85
2, 4/29/85
3, 4/30/85
4, 4/30/85
4A, 4/30/85
, 4/29/85

Specif icConductanceumhos/cm
1 ,330
1,030

700
640
610
950

Chloridemg/L
116

95
75
75
69

147

Sulfate
mq/L
113

2
39
37
38
25

Nitrate
rrq/L as N

2 .26
0.78
0.87
0 .77
0 .47
3 .89

Total Alka-
linity, mg/L
as Ca CO^

591
470
233
197
166
327

Water Plant
Intake, 1/30/85
East cf l-.'ell #2,
Lake Shore ,

East of '/.'el l £4,
no date
50' ,'!. of Con
Edison Di s charge
no date

290

300

303

293

11

11

12

11

21

22

23

23

0 .59

0 . 16

0 . 3 9

0 .36

134

112

139

134

DDF T|» K f'f "r-'1"1-rr\t. 1 n & n C f - i ' v i

Jane Hoch
Cherr i s t



PREIIXI & NEWHOF, P.O.
ENGINEERS —— SURVEYORS
ENVIRONMENTAL & SOILS LABORATORIES
3000 EAST BELT LINE N.E. , GRAND RAPIDS, MICHIGAN 49505
285 JAMES STREET, SUITE E, HOLLAND, MICHIGAN 49423

TELEPHONE (616) 364-8491
TELEPHONE (616) 399-9218

H. EDWARD PREIN P E.. R.L S.
THOMAS NEWHOF P E
WILSON 0. McOUEEN P E.
LARRY 0. WILSON P E.
MICHAEL S FULLER P E.PHILIP c. GLUPKER P E.
JAMES A. COOK P.E.
ROBERT J VANDER MALE P E.
ROBERT J REIMINK P E.
ARTHUR W BRINTNALL R L.S.REX A. MILLIHON R.L s

August 23, 1S85
85126

Dr. Kurrar M.alhotra
Kf-'A Associates
30CO East Eelt l ine TJEGrand Rapids, Michigan 49505
Re: Johns-Manvi l l e Samples received in lab 6/24/85 dated 4/28-30/85

Sample
1
2
3
4
4A
5

Water Plant
Intake

East of Wel l #2,Lakeshore
East of Wel l #4
50' N of Con Edison

Discharce

Total Alkal in i ty
mq/L as

591
470
233
197
166
327

134

1 12
139

1 0/1i *^~

Bicarbonate
Alka l i n i ty

mg/L as HC03-
361
297
142
120
101
199

82

68
85

82

CarbonateAlkal in i ty
rcq/L as COy

0
0
0
0
0
0

0

C
0

PREIN & IIEWHOF

Jane Hcch
Chemist



KMA Assoc ia te s

JOHNS-MANVILLE SAMPLES
RECEIVED 7/31/85

PREIN & NEWHOF LABORATORY RESULTS

August 23, 1985
85126

LABORATORY RESULTS

Sample
1 .
2 .
3 .
4.
5 .

City Raw Tap
Ind. -Canal
C. Lake
N. Lake
S. Lake

Spec i f i c
Conductance
umhos/cm

1 , 350
1 ,2 10

825
825

1 , 140
363
725
360
360
350

7 .3
7 . 1
7 .2
7 . 5
6.8
7 . 7
8.2
7 .9
7 .9
7 . 7

Chloriderog/L
98
82
74
76
98
18
66

9
9
9

Sulfatemg/L
15

2
30
31

6
24

146
24
26
24

Nitratemg/L as N
0.65
0.01
0. 17
0.01
0.01 .
0 . 12
0.01
0 . 13
0 .09
0. 1 1

Total Alka-l inity, mg/Las Ca C03

555
587
239
194
361
1 17
113
113
113
1 13

Bicarbonate,mg/L as HCOJ-
339
297
146
118
220
71
69
69
69
69

Carbonate
mg/L as COJ

0
0
0
0
0
0
0
0
0
0

NOTE: Samples 1 thru 5 represent Monitor ing Wel l s f 1 thru 5 respectively.
C - Central Shore L ine , East of Mon i tor ing Wel l f 2
N - Northern Shore Line, East of Moni tor ing Wel l #4
S - Southern Shore Line, SE of Monitoring Well #2
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WILLIAM C. ACKERMANN. CHIElt

April 20, 1973

MINERAL ANALYSIS
Sample of water collected March 26, 1973 from a well owned by Old City of
Waukegan Lakeshors Site Well in Lake County. Location of well: 2300'E,
1400'N of the SW corner of Section 15-T45N-R12E. Depth of well: 30 feet.

LABORATORY NO. 191547

Iron(total) Fe
Strontium Sr
Sodium
Potassium
Barium
Cadmium
Chromium
Copper
Lead
Lithium
Nickel
Zinc
Turbidity
Color
Odor

Na
K
Ba
Cd
Cr
Cu
Pb
Li
Ni
Zn

ng/1
3.1

. .61
117

20.6
!oo

3.0
.01

<.05
.06

<.OS
.07

23
0
0

me/1

.01
5.09

.53

.17

.01

PO,,Phosphate(filt)
(unfilt)

Nitrate N03Chloride Cl
Alkalinity (as CaC03)

ng/1
0.0
0.0
1.1

135
412

me/1

.02
3.81
8.24

Hardness (as CaC03) 630
Total Dissolved Minerals 1138

12.60

mg/1 = milligrams per liter
ne/1 * milliequivalents per liter
ng/1 x .0583 *> grains per gallon

ILLINOIS STATE WATER SURVEY

V
Laurel M. Henley /
Associate Chemist
217-333-0802

LMH/pcb
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I
I 1980 AIR QUALITY MONITORING DATA

FOR LEAD IN THE WAUKEGAN AREA

i
This data was obtained from Carl Franson, Divis ion of Air Quality, ERA,{ Maywood, Il l inois (312) 345-9780)

_____Quarterly Averages in ug/m______
AnnualMean-in 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
ua/rrr* 1980 1980 1980 1980Station ug/nT 1980 1980 1980 1980

Island Lake 0.16 0.13 0.16 0.18 0.16

Lake Bluff 0.21 0. 18 0.18 0.28 0.18(121 E. Sheridan Place)

Waukegan 0.30 0.31 0 .35 0.31 0.26(Golf and Jackson)

Waukegan N/A N/A 0 .29 0.22 0 .27(106 Utica -downtown)



Illinois Division of Air Pollution Control June
Environmental 2200 Churchill Road
Protection Agency Springfield, Illinois 62706

_____1EPA/APC/H5-OUO________________________________
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AIR QUALITY CONTROL REGION 67METRO CHICAGO INTERSTATE
( I L L INO IS - IND IANA)

McHENRY
*WAUKEGAN ( 1 )

# * IAKE BLUFF ( l )
L I B E R T Y V I L L E ( l )

*CARY(I ) * DEERF I E LD ( I )

**See the followingpage for thelocation ofmonitoring sites
within the Countiesof Cook and DuPageand the City ofChicago

INDIANA

KANE
EIGIN(2)*

DuPAGE*

AURORAd) *

*ROMEOVILLE( 1 )
* LOCKPORT( l )

SOUTH LOCKPORT( l ) * ——I
JOLIET (3 ) # [

ROCKDALE( l ) *
I MONEE( l ) *

GRUNDY
*MORRIS ( 1 )

BRAIDWOOD (D*
KANKAKEE

BRADLEY l l ) ^
«BOURBONNAIS(1

Data for the Indiana portion of this control region can beobtained from:
Indiana State Board of Health
Air Po l l u t i on Control D i v i s i o n1330 West Mich igan StreetI nd ianapo l i s , Indiana 46206
( 3 1 7 ) 633-0644

(The number of sampl ing sites in each city is shown inparenthes i s fol lowing the city name . )



SITE DIRECTORY
sazflSNBsnaraaraESBG

STATION

Kaperville(5480 001)
West Chicago
(6080 002)
•Jieaton(8220 002)

GRUKDY COUNTY
Vorris| ( 5260 001 )

| KANE COUNTY
8 Aurora1(0220 002)
I El gin1 (2260 004)
S Elgin
I (2260 005)

I KAKKAKEE COUNTY
B Baurbonnais1(0560 001)

1(0580 001) S

\ *1 UjCECOUNTY
• Deerfield1 11760 001)
I Lake Bluff1 1*020 001)
Iti&ertyvllle|i«60 001)
£ "Jukegan
f (3020 002)

I ft HDiSY COUNTY

I : i020 001)

S WILL COUNTY

' £320 007)
•si let'3760 002)
•--'let
! j7 cO 003)

i37« O J 2 )

BES85BBBEEBBBB8BRHS6BR

ADDRESS
flS8^B^SDi0B9RBS8E96£
Fire Station175 Jackson St.
Police Station128 W. McConnell Ave.
Court House201 Reber St.

County Courthouse111 E. Washington

Fire Station770 N. Michels
Civic Center1 50 Dexter Ct.
Larsen Jr. H.S.665 Dundee Rd.

Olivet KazareneCollege
East Elem. Sch.610 E. Liberty St.

Woodland Park Elem. Sch.1321 Wilmot Rd.
East Elem. Sch.121 E. Sheridan Place
Butterfleld School1441 Lake
N. Fire StationGolf S Jackson

Cary Grove H .S .
1st St. 1 Three Oaks Rd.

Sewage Plant
Rt. 113 S School St.
Pershing School
Midland & Campbel l
R i v a l s Park
1425 N. Broadway
Will County Court House
Ottawa & Washington

s^sssHssBKaaassaaB?

fSSSSSSSsBBSSUt

OWNER/
OPERATOR

9£̂ ESiSSBSE&9flBB9B!
1 1 1 . EPA/DuPageCo. Health Dept.
111. EPA/DuPageCo. Health Dept.
1 1 1 . EPA/DuPageCo. Health Dept.

111. EPA

11 1 . EPA

111 . EPA

111. EPA

11 1 . EPA

111 . EPA

111. EPA

111. EPA/LakeCo. Health Dept.
111. EPA

111 . EPA

11 1 . EPA/City
H.S. (H i-Vo l )

1 1 1 . EPA

Will CountyHealth Dept.
Wil l County
Health Dept.
1 1 1 . EPA

asaeasasBBas

5&a»9B
UTM

COORD.
•Bfl̂ B^HM^MMBBBH^BHBHB
N. 4624938
E. 404376
N. 4637626
E. 400080
N. 4635049
E. 408358

N. 4575130
E. 380975

N. 4625339E. 392376
N. 4654734
E. 393654
N. 4655845
E. 394660

N. 4556000
E. 426460
N. 4554462E. 428259

N. 4669574
E. 428580
N. 4680333
E. 430166
N. 4682166
E. 419095
N. 4692840
E. 430760

N. 4674876
E. 397580

N. 4570111
E. 397802
N. 4597641
E. 406864
N. 4600253
E. 409086
N. 4597226
E. 409698
SSSSB8SSSS

iiiimiiiniiiimiiiiiiimiiiHUi t

EQUIPMENT
BHBBBBSBHBBHH9BBEBH

SLAMS - TSP

SLAMS - TSP

SLAMS - TSP

SLAMS - TSP

NAMS - TSP

NAMS - TSP
SPMS - Pb
NAMS - S02, 03
SPMS - WS/WD"

SLAMS - 03

SLAMS - TSP

NAMS - 03

SLAMS - TSP

SLAMS - 03
SPMS - US/WD
NAMS - 03
SLAMS - TSP. S02SPMS - WD/WD

NAMS - 03
SLAMS - TSP

SLAMS - TSP. 03. Pb
SPMS - WS/WD"
NAMS - TSP
SLAMS - Pb
SLAMS - TSP

SLAMS - CO
NAMS - S02

n

ZSBBnBBBB^HaB9HSBHM

r-4



4.7 LEAD SUMMARIES
The lead component of the TSP measurements was analyzed at 53 locations inIllinois in 1984. None of the sites recorded a violation of the quarterly
lead standard of 1.5 ug/m3. The highest quarterly lead average in 1984 was1 .48 ug/m3 recorded at 15th and Madison in Granite City. The highestquarterly lead average in the Chicago area was 0.68 ug/m3 at 3500 East 114thStreet in Chicago.
The following table lists the Statewide lead summaries for 1984.

I
I

i- •

C -Sr:



1984
LEAD

(MICROGRAMS PER CUBIC METER)

STATION ADDRESS

1
65 BURLINGTON-KEOKUK INTERSTATE ( IOWA - ILL. )

PEORIA COUMTY 1
Peorla 1 610 N.E. Jefferson

NUMBER OF
QUARTERS
>1.5 ug/m3

0

67 METROPOLITAN CHICAGO INTERSTATE (ILL. - IND.)
A^^^

COOK COUNTY *̂
AlstpArlington Heights
lue Islandral^jet CityChicagoChicagoIhlcagoChicagoChicagoChicagoChicagoChicago:hicago

ChicagoChicagoChicagoChicagoChicagoChicagoChicagoChicagoChicagoChicago HeightsCicero>sP1aines2cs?1ainesflossaoor
^iirveytenont.yens«a/»ood•i i lesPalatine
«iver Forestjjnsit

OU PA3E COUNTY
£l->iurst

KM; COUNTY
Elgin

L n̂̂ ^E^VSX!B9BÎ I9MH^̂ Î IÎ ^BHI

4500 V. 123rd St.33 S. Arlington Hts. Rd.12700 Sacramento
755 Pulaski Road10810 S. Ave. H9800 S. Torrence10740 S. Calhoun8131 S. Hay St.
801 E. 133rd PI.735 V. Harrison805 N. Michigan Ave.
2100 E. 87th St.1450 Larrabee5358 N. Ashland3300 S. Michigan Ave.
11220 S. Wallace6140 S. Melvina Ave.
2940 V. Cortland Ave.4850 Wilson Ave.3300 E. Cheltenham PI.
6631 N. Bosworth Ave.3500 E. 114th St.Dixie Hwy S 10th Si.15th St. S 50th Ave.180 E. Thacker2nd Ave. 1 Thacker999 Kedzle Avenue157th S Lexington St.206 Main St.
4043 Joliet Ave.1500 Kaybrook Or.
8955 Greenwood Ave.1000 Quentin Rd.lathrop S Oak
60th St. 1 74th Ave.

118 Schiller

150 Dexter Ct.

MMBMHBBHBBHaM«

0
0
0000
000000
000
00
0
00000
000000
0
000
00

0

0

BBBBBBtBMSa

QUARTERLY AVERAGES(u0/m3)

1st

0.19

0.230.240.260.240.400.33-
0.260.28
0.520.370.34
0.340.24
0.30
0.22+
0.280.510.24
0.17
0.48*
0.380.22-
0.17O.Z70.11
0.290.430.250.150.26
0.24

0.22

0.21

=»

2nd 1 3rd I 4th

0.20

0.29
0.210.330.270.44
0.31-
0.210.230.450.290.34
0.190.20
0.240.250.290.230.380.18
0.13
0.680.210.410. 17-
0.230.320.10
0.26
0.360.210.15
0.250 .23

0. 15

0 . 15

ER39E

0. 15

0.180.16+
0.200.32

0.27

0.230.20-
0 . 170.250.29 1 0.250.27 1 «•0.13 1 0.12

0.310.510.280.29
0.300.21
0.270.230.250.26
0.380. 190.120.500. 120.410.14-
0.120.200.10
0.210.290. 150.07
0. 150 . 15

0.18

0.16

saaaa

0.350.590.29
0.270.260.30
0.370.310. 180.320.370.27
0.130.450.200.32-••+
0.130.220.210.23
0.270.22
0.12
0.21
0. 18

0. 17

0.18

9SSB3SES

ANNUAL
MEAN

(ug/m3) !

0.20

0.230.20>
0.220.350.29+
0.180.290.520.31
0.31
0.270.240.30
0.25+
0.270.41
0.220.14
0.53+•
0.38+
•f

0.160.250.130.250.340.210.12
0.220.20

0.18

0. 18

ii \ fllu OUfmT MfTl

I

C-6



1984
LEAD

(MICROGRAMS PER CUBIC METER)

\ STATION

WILL COUNTY
Braidwood
Joliet

ADDRESS

Rte. 113 S School St.
Midland 4 Campbell Sts.

NUMBER OF
QUARTERS
>1.5 og/m3

0
0

: 69 METROPOLITAN QUAD CITIES INTERSTATE (ILL. - IOWA)
1 ROCK ISLAND COUNTY I

East Hoi Ine

70 METROPOLITAN ST. LOL
MADISON COUNTY

Granite CityGranite City
Granite City
Granite CityGranite CityGranite CityWood River

ST. CUIR COUNTY
East St. Louis

91S 16th Ave. 0

IS INTERSTATE (ILL. - MO

23rd I Madison
2001 E. 20th15th S MadisonRoosevelt 1 Rock Rd.
20th S Adams17th S Cleveland54 N. Walcott

13th S Tudor

.)
0
00
000
0

0

73 ROCKFORD-JATIESVILLE-BELOIT INTERSTATE ( ILL. - H IS . )
VINNEBAGO COUNTY

Roekford j 204 S. 1st St.

74 SOUTHEAST ILLINOIS INTRASTATE

JACKSON COUNTY
Carbontlale 300 N. Springer

*
7.5 VEST CENTRAL ILLINOIS INTRASTATE

HACON COUNTY1
! Oecatur

1 HACOUPIN COUNTY
mi wood

a p H : bv/ s p/085H/l-2

^^™*̂ ^wEww^^HB^HiBM

2300 Geddes

IEPA Trailer

•HHHMEtSSSMMHMHHM

0

0

0

0

miiimiiniiiiMHiiin

QUARTERLY AVERAGES(ug/m3)

1st

0. 10
0 .20

0.14

0.35
1 .48
0.330.310.74
0.35

0.49

+

0. 1 1

0.20

0.06

sttaste

2nd

0.05
0. 13

0.10

0.29
0.77
0.310.290.74
0.33

0.41

0. 13

0.09

0.18

0.07

aawat

3rd

0.06
0. 13

0.14

0.23*
0.34
0.230.230.40
0.27

0.40

0. 14

0. 10

0 . 15

0 .05

"I'CTIMim

4th

0.06
0 . 16

0.13

0.280.28
0.400.27
0.26
0.45
0.32

0.44

0 . 17

0.08

0. 15

0.02

more

ANNUAL '
MEAN :
(ug/m3)

0.07
0. 16

0.13

0.29
0.75
0.290.27
0.58
0.32

0.44

t

0.09

0. 17

0.05

^̂ 2HU*tMfl0O60F^•HBBHK»̂ ^̂ »Ct7« îJ
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1984
TOTAL SUSPENDED PARTICULATES

(M ICROGRAMS PER CUBIC METER )

STATION 1 ADDRESS

[ ChicagoChicago1 Chicagoj Chicago Heights| Ciceroi DesPlainesi oesPlaines
i Evanstoni Flossmoor
I Harvey
1 Lewmt
i HcCook

Haywood
NilesPalatineRiver Forest
Suniittfinnetka

1 DU PAGE COUNTY
I Addison
I aensenville1 DarienI tlchurstI UptrvilleI «tst Chicago1 Mieaton

1 GRUKDY COUNTYI
I <torris

3300 E. Cheltenham PI.6631 N. Bosworth Ave.
3500 E. 114th St.Dixie Hwy 4 10th St.
15th St. 4 50th Ave.180 E. Thacker2nd Ave. 4 Thacker
1454 Elmwood
999 Kedzie Ave.157th 4 Lexington St.
206 Main St.4043 Joliet Ave.50th 4 Glencoe1500 Maybrook Dr.8955 Greenwood Ave.1000 Quentin Rd.Lathrop 4 Oak St.
60th St. 4 74th Ave.1 1 12 Wil low Rd.

130 U. Army Trail Rd.Main St. 4 York Rd.
1410 75th St.118 Schiller175 Jackson St.128 M. McConnell Ave.
201 Reber St.

Ill E. Washington
1 I
I RAJJE COUNTY 1
I *«*3ra1 ns'B
1 HANXAKEE COUNTY1 **ley AS'
j U*ICMNTT_^
1 *»« BluffI »«*»9ari
|
I £_HEKSt COUMTY

I'-*
I *11LCO;JNTY
1 ''•flood| -*-tt
i *«iio-»1 tlr**0^
I *»*E «ĵ *I

|

770 N. Michels150 Dexter Ct.

610 E. Liberty

121 E. Sheridan PI.
Golf 4 Jackson

1st St. 4 Three Oaks Rd.

Rte. 113 4 School St.
Mid land 4 Carp&el l Sts.
1425 !J. Broadway
5th i Madison
432 E. Ma in
MidUnd 4 Ot i s
Nap e r v i l l e Rd .

NUMBER OF 1 H IGHEST 1 ANNUAL »
SAMPLES ! SAMPLES | STATISTICS fe

!
> 150 8 >26o ] u, |2nd 1 3rd | 4th ^GEOMETRIC

UG/M3HUG/M3I 1 I I 1 MEAN
58
57
54
52
59
46

9
59
59
56
56
53
52
51
57
52
58
59
51

51
46 '
53
53
50
56
55

59

60
52

53

53
55

57

52
54
53
56
49
53
46

r _ o

0
010
0
0
001
0
01
2
7
00
001
0

0
0
0
0
0
0
0

0

0
0

0

0
0

0

0
3
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
01
0
0
0
0
0
0

0
0
00
0
0
0

0

0
0

0

0
0

0

01
0
0
00
0

2209
240

2346
106

80
188
1 15
135
170
222
398
135
142
1 1 1
122
179
108

108
144
1 12
1 12
142
137
1 10

145

1 13
93

141

123
1 18

108

127
356
129
125
132
139
106

10
93

233
1 1 1
1 39
103

64
126
10U
127
138
178
218
128
122

95
1 1 2
12987

94
12 1
101
104
130
1 1 1
107

133

99
92

124

85
106

88

1 1 3

09
86

216
99
37
91
62

101
98

123
129
134
218
122
105

90
104
12881

93
1 15

92
101
1 14

95
99

108

97
91

105

76
94

86

99
257 8 1 7 1
125 | l06

! 117
1 1 7: 133
91

' 1 14
1 14

93
d3

if irmig106
79

203
87

124
86
45
95
92

1 18
127
129
165
1 19
105

78
95

127
79

86
108

75
83

1 1 3
85
96

102

81
80

93

72
93

79

98
10o
1U2
93

1U9
89
bS

1

n iTTTTrrerm nry4739
85
69
+
•i

47
46
56
68
65
71
58
49
41
4964
+

47+
45
47
50
44
44

41

40
42

49

34
42

37

39
53
44
44
42
5J+

STD. GEO ) j
DEVIATION* !
^ifP^v!

1.6 fi1 .7 : )1 .5 if\
. . il1 .0 1
1 .5 '\l.b t-
l.F f?
1 . •»'
' • < * 3l.b 3
1. t-
}'.^{
1 .6 j

k > .t;r
1 5 '
K5 p
l.b
1 .6
l.b I;1.5 y.

1
fi1 , r!

i.
I.a^Plib (±

§

'•» |

j!
1 . 7
1 .6

r
l.b ,

t

1 . 9
1 .3 r

1 . 3 . V -
l .u
1 . 7
1 .3 ;r


